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Showdown 


The battle between materials (temporarily 
suspended due to Korea) is reduced to its 
simplest terms in Pittsburgh. Facing each 
other, in the heart of the Golden Triangle, 
will be the new Mellon Building and the 
Alcoa Building. The former will house all of 
the Pittsburgh offices of U. S. Steel Corp. and 
its subsidiaries; the latter is to be home of 
Aluminum Co. of America. Naturally, the 
Mellon Building, which has a head start of 
six months, glistens with steel of all kinds 
with a liberal sprinkling of stainless. Fencing 
surrounding the foundation excavations for 
the Alcoa Building is, naturally enough, 
corrugated aluminum sheet. The completion 
of these two brilliant buildings should do 
much to brighten downtown Pittsburgh. 

Several generations hence we might have 
the answer to the comparative lasting quali- 
ties of the two metals. 


Incongruity 


Perhaps we are unkind to mention this, 
but when we gave in to the universal urge to 
watch excavating work for the Alcoa Build- 
ing, we saw something that should be re- 
ported. A workman was busily painting the 
wood shoring and other surfaces with alumi- 
num paint. Under the circumstances, it 
seemed somewhat out of keeping with the 
spirit of things to see that the aluminum 
paint was carried in a galvanized steel pail. 


Action 


We have been informed recently that 
MATERIALS & METHODS really spurs its 
reader to action. This brief report is on the 
long distance variety of action. Last winter 
M & M published an article on metal spin- 
ning by Roland E. Teiner Co. A reprint of 
the article eventually reached Mr. Cyril L. S. 
Fraser, director of a metal spinning plant in 
Shakespeare’s home town — Stratford-on- 
Avon, England. Mr. Fraser was so impressed 
that he phoned the U. S. to arrange a visit 
and exchange information on spinning. We 
could spin more tales of this kind, but we 
think you'll get the point. 


Perils 


Usually the task of being an editor is not 
considered hazardous. However, it would 
have been difficult to convince Ken Rose, 
our Midwestern operative, of that a few 
weeks ago. Ken, always on the alert for the 
latest materials information, recently tracked 
a story to its lair. When Ken, in his usual 
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low-pressure but never-the-less direct man- 
ner, asked the caged lion what he could ex- 
pect to learn, the answer was direct, clear, 
concise and explosive. “Nothing,” he was 
told, with a shout that almost drove him from 
the building. 


A Pet Peeve 


There has been established in this country 
a rather healthy army of so-called public 
relations men by many moderate to good- 
sized companies. Unfortunately for their 
companies, and for editors who must contact 
them, many of these men become awed with 
their own importance and foil rather than 
foster good public relations. I don’t frown 
on the public relations profession, because 
there are several who cooperate with the 
press effectively and others who are down- 
right helpful. But imagine the feeling one 
gets when he climbs from a hot, uncom- 
fortable public conveyance, waits intermina- 
bly in an impersonal waiting room and, 
when he finally reaches the mighty person, 
he is turned down on a request for help. In 
some such instances I’ve had the uncomfort- 
able feeling that the p.a. mentally wrung his 
hands in glee because he had diverted an- 
other member of the press. 


Added Service 


If there is any one who doubts the im- 
portance and scope of materials engineering, 
he should visit the materials engineering 
department of Westinghouse at East Pitts- 
burgh. Then, when he is thoroughly awed 
with the number of engineers, the variety 
of laboratories and the kind of work the 
department does, he should be further im- 
pressed with the fact that every Westing- 
house plant has its own materials engineer- 


ing group. 


Research 

Alfred P. Sloan, Jr. has given to M.LT. 
a gift of $1,000, 000 with which to build a 
metal processing laboratory. The facilities 
of the building will be devoted to education 
and research in metallurgical science as ap- 
plied to basic manufacturing processes. Mr. 
Sloan, as you must know, is board chairman 
of General Motors and a great backer of 
M.LT. In addition to a foundry and welding 
laboratory, the new building will provide 
space for powder metallurgy research and 
metal cutting studies. 


T. C. Du Mond 
Editor 
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Extremely Thin Magnetic Strip 
Developed for Electronic Devices 


Special magnetic alloys can now be 
produced in strips so thin that it takes 
ten layers to equal the thickness of a 
human hair. The 0.00025-in. strip 
is a development of the Research 
Laboratory of Armco Steel Corp. 

Need for such material has re- 
sulted from the development of high- 
frequency electronic equipment. Elec- 
tronic devices which must operate at 
high rates of speed require compon- 
ents having split-second magnetiza- 
tion characteristics, and only extreme- 
ly thin electrical steels can reach 
Magnetic saturation in such a short 
time. 

Although the original goal was 
strip not more than 0.00025 in. thick, 
steels have actually been rolled to a 
thickness of 0.00015 in. on the tiny 
experimental mill. Materials rolled o 
tar include magnetic alloys of high 
nickel content and 3% silicon iron. 
The present small-scale operation has 
proved that the thin strip can be pro- 
duced, and has provided customers 
with experimental lots with which 
(0 develop faster and more efficient 
electronic equipment. 

A typical production run starts with 
cold reduction of the alloy on a larger 
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mill to obtain a thickness somewhere 
between 0.006 and 0.002 in. The foot- 
wide metal is then cut into 2-in. wide 
strips. Successive passes through spe- 
cial 5/16-in. dia. rolls produce the re- 
quired thickness reduction and elon- 
gate the material some 400 times. 
For testing purposes, the strip is 
slit into ribbons 0.10 in. wide on a 
jig which uses razor blades for cutters. 
The ribbons are then coated, wound 
into tiny coils and annealed. A recent 
order for four test coils of this ribbon 
weighed so little that 2250 such 
orders would yield only 1 lb. of metal. 


This order was shipped in an aspirin 
box. 


New Metal Standards Added 

A circular describing 12 new 
spectrographic standards which have 
been added to its list of analyzed 
standard samples can be obtained free 
of charge from the National Bureau 
of Standards, Washington 25, D. C. 

Two of the standards are steel and 
ten are metallic tin. The booklet is a 
supplement to NBS Circular C-398. 


Western Metal Show Scheduled 


The 1951 Western Metal Congress 
and Exposition will be held Mar. 19 
to 23, 1951 in the Oakland, Calif. 
Civic Auditoriums. 

Manager of the seventh Western 
Metal Show will be William H. Eisen- 
man, national secretary of the Ameri- 
can Society for Metals, sponsor of the 
event. The Congress will be co-spon- 
sored by some 20 technical societies 
concerned with oil, chemical, aviation, 
manufacturing, mining and other 
Western industries. Harry Lewis, 
chairman of the Golden Gate chapter 
of the ASM, will head the general 
committee. 


Stress-Corrosion Resistance 
of Magnesium Alloys Studied 


Results of an extensive investiga- 
tion of the stress-corrosion resistance 
of magnesium alloys have been pub- 
lished in the Journal of Research of 
the National Bureau of Standards 
(Vol. 44, 1950, p. 233, Paper No. 
RP2074), by Hugh L. Logan and 
Harold Hessing, Jr. 

Both sheet and extruded alloys were 





These stress-corrosion racks were used in 
the recent NBS investigation of magnesium 
alloys. 


tested. Sheet materials were M1, 
AZ31X, AZ51X and AZ61X alloys 
and a clad alloy in which a core of 
AZ31X sheet was sandwiched be- 
tween two thin layers of M1. Extru- 
sions studied were ZK60, AZ61X, 
AZ80X and AZ80X-HTA. 


Two Weathering Spots 

Specimens were exposed to the 
weather stressed in tension at the 
Bureau in Washington and in a 
marine atmosphere at Hampton 
Roads, Va. Unstressed specimens 
were subjected to the same corrosive 
conditions in order that the effect of 
stress in increasing corrosion damage 
could be evaluated. 

In general, it was found that sus- 
ceptibility of magnesium alloys to 
stress corrosion in the weather in- 

(Continued on page 142) 
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International Amphitheatre in Chicago will be the focal point for the 1950 Metal Show this month. 


High Production Is Theme of 1950 Metal Show 


The metal industries’ biggest an- 
nual show, the National Metal Con- 
gress and Exposition, will be held 
this month in Chicago. The Metal 
Show, as it is more generally known, 
will get underway Oct. 23, although 
an ASM seminar on “Atom Move- 
ments” will be held for two days 
preceding the opening. 

As has been the case in recent 
years, the Congress will be sponsored 
jointly by the American Society for 
Metals, the American Welding So- 
ciety, the Institute of Metals Division 
of the American Institute of Mining 
& Metallurgical Engineers, and the 
Society for Non-Destructive Testing. 


Movies Shown Again 

This year the Metal Show will 
stress “Materials and Equipment for 
High Production.” Success of the 
“Economy Theatre” presentation dur- 
ing last year’s Show in Cleveland has 
led to a repeat performance this fall. 
As a result, visitors will get a chance 
to see industrial motion pictures de- 
picting techniques and methods 
which contribute to high produc- 
tivity in plant operations. 

The annual exposition is expected 
to attract about 350 exhibitors of 
products and services for the metal- 
working industries. Both the exposi- 
tion and the industrial films will be 
staged in the International Amphi- 
theatre. Also on view there will be 
entries in the fifth annual metallo- 
graphic exhibit sponsored by ASM. 


Technical Sessions 

Technical sessions of the ASM and 
AWS will be held throughout the 
week. All ASM sessions will be held 
in the Palmer House, while AWS 


papers will be presented at the Hotel 
Sherman. The technical program of 
the AIME will start Monday, Oct. 21, 
and continue through Wednesday at 
the Hotel Sheraton. A similar three- 
day meeting is scheduled by the 
Society for Non-Destructive Testing 
at the Hotel Morrison. 

In addition, six educational sessions 
have been planned by the ASM and 
AWS. A schedule of these meetings 
appears on this page. A correlated 
program of both technical and educa- 
tional sessions is given on the next 
page. 

The ASM annual meeting will be 
held Wednesday morning, Oct. 25. 
At that time the Edward de Mille 
Campbell Memorial Lecture will be 
delivered by Earle C. Smith, Chief 
Metallurgist, Republic Steel Corp. 
The Saveur Achievement Award, es- 
tablished by the ASM in 1934, will 
be presented to Clarence E. Sims, 





Educational Lectures 


ASM 


Assistant Director, Battelle Memoria! 
Institute, for “his pioneering studies 
and sound research into the origins 
and effects of inclusions in cast 
steels.” 


Other Meetings Scheduled 

The regular technical sessions of 
the AIME will be supplemented }y 
an informal panel discussion on 
Precipitation Hardening Mondiy 
evening. Morris Cohen, of MIT, wil 
act as moderator of a nine-member 
group. 

Two special sessions will be pre 
sented by the AWS. One is a pane 
discussion on Recommended Prac: 
tices for Resistance Welding, sched: 
uled for Monday afternoon. Chairman 
will be J. Henschkel, of Westing- 
house Electric Corp. The other is ¢ 
symposium on Applied Weldis; 
Engineering, to be held Tuesday 
evening with C. D. Evans, of the 
AWS, acting as chairman. 


High Temperature Properties of Metals 


Monday—4:15 p.m. and 8:00 p.m. 


AWS 


Welding of Aluminum 


Monday—4 :30 p.m. 


ASM 


Interpretation of Tests and Correlation with Service 


Tuesday—4:15 p.m. and 8:00 p.m. 


AWS 


Welding of Copper 


Tuesday—4:30 p.m. 


ASM 


Metallurgy of Titanium 


Wednesday—4:15 p.m. and 8:00 p.m. 


AWS Welding of Nickel 


Wednesday—4:30 p.m. 


(ASM Lectures at the Palmer House—AWS Lectures at the Hotel Sherman 
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National Metal Congress, Chicago, October 21-27, 1950 


Saturday, October 21 


ASM 


ASM 





Seminar on Atom Move- 
ments, Palmer House 


Seminar on Atom Move- 
ments (continued), 
Palmer House 


Sunday, October 22 


ASM 


ASM 





Seminar on Atom Move- 
ments (continued) 
Palmer House 


Seminar on Atom Move- 
ments (continued), 
Palmer House 


Monday, October 23 
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Plastic Deformation, Hotel 
Sheraton 

Surface Phenomena, Palm- 
er House 

Weldability, 
man 


Hotel Sher- 


Resistance Welding, Hotel 
Sherman 


Surfacing, Hotel Sherman 


Physical Metallurgy, Palm- 
er House 


Recrystallization and An- 
nealing Textures, Hotel 
Sheraton 


Structure of Alloys, Hotel 
Sheraton 


Flame Hardening, Hotel 


Sherman 


Arcs, Electrodes and Fluxes, 
Hotel Sherman 


Research, Hotel Sherman 


Panel on Recommended 
Practices for Resistance 
Welding, Hotel Sherman 


Educational Lectures on 
High Temperature Prop- 
erties of Metals, Palmer 
House 


Educational Lecture on 
Welding of Aluminum, 
Hotel Sherman 


Panel on Precipitation 
Hardening, Hotel Shera- 
ton 


Educational Lectures on 
High Temperature Prop- 
erties of Metals (con- 
tinued), Palmer House 


Adams Lecture on Dynam- 
ic Characteristics of D.C. 
Welding Machines, Ho- 
tel Sherman 


1950 


A.M. 


9:00 


9:30 


P.M. 
2:00 


4:15 


4:30 


8:00 


A.M. 
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Tuesday, October 24 





AIME 


AIME 


ASM 


AWS 


AWS 


AWS 


SNDT 


ASM 


AIME 


AIME 


AWS 


AWS 
AWS 


SNDT 


ASM 


AWS 


ASM 


AWS 


SNDT 


Transformations, Hotel 


Sheraton 


Properties of Alloys, Hotel 
Sheraton 


High Temperature Metal- 
lurgy, Palmer House 


Pipe Fabrication, Hotel 
Sherman 


Resistance Welding (con- 
tinued), Hotel Sherman 


Ship Structure, Hotel Sher- 
man 


Inspection of Nonferrous 
Castings, Hotel Morri- 
son 


High Temperature Metal- 
lurgy (continued), 
Palmer House 


Metal-Gas Reactions, Hotel 
Sheraton 

Solidification, Thermal Ex- 
pansion and Ductility, 
Hotel Sheraton 

Resistance Welding (con- 
tinued), Hotel Sherman 


Design, Hotel Sherman 


Ship Structure (contin- 
ued), Hotel Sherman 


Magnetic Particle Testing, 
Hotel Morrison 


Educational Lectures on 
Interpretation of Tests 
and Correlation with 
Service, Palmer House 


Educational Lecture on 
Welding of Copper, Ho- 
tel Sherman 

Educational Lectures on In- 
terpretation of Tests and 
Correlation with service 
(continued), Palmer 
House 

Symposium on Applied 
Welding Engineering, 
Hotel Sherman 

Symposium on Radio-Iso- 
topes, Hotel Morrison 


Wednesday, October 25 





ASM 


AWS 


AWS 


AWS 


Edward De Mille Camp- 
bell Memorial Lecture, 
Palmer House 


Symposium on Need of 
Professional Training for 
Welding Engineer, Ho- 
tel Sherman 

Structural Welding, Hotel 
Sherman 


Research (continued), Ho- 
tel Sherman 


P.M. 
2:00 


4:15 


4:30 


8:00 


A.M. 


9:30 


P.M. 
2:00 


A.M. 
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ASM 


AIME 


AIME 


AWS 


AWS 


AWS 


SNDT 


ASM 


AWS 


ASM 


SNDT 


Correlated Program of Technical and Educational Sessions 


Heat Treatment, Palmer 


House 

Research in Progress, Ho- 
tel Sheraton 

Powder Metallurgy, Hotel 
Sheraton 


Machinery and Mainte- 
nance, Hotel Sherman 


Controls and Standards 
Hotel Sherman 


Machine Welding, Hotel 
Sherman 


General Session (Manage- 
ment and Non-Destruc- 
tive Testing, High 
Frequency Vibration 
Testing, Ultrasonic Meth- 
ods, Foreign Develop- 
ments), Hotel Morrison 


Educational Lectures on 
Metallurgy of Titanium, 
Palmer House 


Educational Lecture on 
Welding of Nickel, Ho- 
tel Sherman 


Educational Lectures on 
Metallurgy of Titanium 
(continued), Palmer 
House 


Symposium on Ultrasonics, 
Hotel Morrison 


Thursday, October 26 


ASM 
ASM 


AWS 
AWS 


AWS 
SNDT 


ASM 


SNDT 


Fracture, Palmer House 
Constitution of Alloys, 
Palmer House 
Nonferrous Metals, 

Sherman 
Pressure Vessels, Hotel 
Sherman 
Aircraft, Hotel Sherman 


Hotel 


Industrial Applications of 
High-Voltage Rays, Ho- 
tel Morrison 


Fracture (continued), 
Palmer House 


Mehl Honor Lecture on 
New Developments in 
Xeroradiography, Hotel 
Morrison 


Friday, October 27 





ASM 
ASM 


AWS 


AWS 


AWS 


Plasticity, Palmer House 

Physical Metallurgy, Palm- 
er House 

Inert-Gas Metal-Arc Weld- 
ing, Hotel Sherman 


Oxygen Cutting, Hotel 


Sherman 
Locomotives and Railroads, 
Hotel Sherman 
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BECAUSE ROLLPINS ARE: 


. - « CHEAPER TO INSTALL 


WY . . . LIGHTER IN WEIGHT 


. - « VIBRATION-PROOF 
. - . RE-USEABLE 


r) Rollpins are a new-type, pressed-fit fastener. Chamfered ends 
permit fast, easy insertion of Rollpins with the use of 
C-” either hand tools or automatic jig assemblies. Compressed 


as they are driven into place, Rollpins exert constant pressure 


against the hole walls—stay permanently in place until 
deliberately removed with a drift or pin punch. 


. « » AND THE INGENIOUS SLOTTED CYLINDRICAL DESIGN ASSURES . 


e Reduced wear on parts assembled. 


e Minimum shear strength exceeding cold rolled 
pins of equal diameters...and an overall reduction 
in weight of assembled unit. 


e Lowered production costs through elimination of 
reaming and peening operations . .. because Rollpins 
are self-locking within the tolerance spread of 


standard production drilled holes. 


Rollpins are made from either Carbon Steel 
Stainless Steel (also from Beryllium Copper ° 
special order)... and are readily available froll 
stock in sizes (diameters) from 5/64 to 1/2 inch all 
in standard lengths. For full information and t 
samples, fill in and mail the coupon at righ toda} 


SIMPLIFIED VIBRATION-PROOF ASSEMBLIES - REDUCED WEIGI 
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ef-increasing numbers of speedy jet planes will require substantial quantities of high strength, heat and corrosion resistant alloys con- 
ining elements such as columbium, chromium, titanium, nickel and molybdenum, some of which are already in short supply. (Courtesy 


Republic Aircraft Corp.) 


ow Defense Production Will Affect Materials Supplies 


by LEON M. JAROFF, Assistant Editor, Materials & Methods 


ere is an up-to-date, con- 
ise review of the current 
aterials picture and some 
onjectures on what we can 
xpect in the event of an 
all-out war effort. 





@AN AIR OF OPTIMISM has begun to 
Prighten the gloomy materials picture 
painted by industry spokesmen im- 
Mediately after the outbreak of the 
Korean war. With the initial wave of 
Panic buying almost subsided, defense 
itders beginning to trickle in, and the 

obilization program more clearly 
defined, these same authorities now 
Predict that, although we are entering 
* Period similar to the “armed camp” 


Yeats of 1940 and 1941, civilian pro- 
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duction will be far less seriously cur- 
tailed by materials shortages than it 
was before Pearl Harbor. 

To lend weight to their revised out- 
look, the spokesmen point to the fol- 
lowing encouraging factors: 

1. Many items vital to our national 
defense which would ordinarily have 
to be produced are already available— 
left over from World War II. Thou- 
sands of ships and planes (although 
the latter are rapidly becoming out- 
moded), miles of pipeline, and hun- 
dreds of factories and bases can be 
made available to the defense effort on 
short notice, releasing great amounts 
of strategic raw materials for other 
purposes. 

2. Stockpiling of strategic materials 
has progressed to a much greater ex- 
tent than it did before Pearl Harbor, 
although a Bureau of Mines official 


admitted several months ago that, for 
some critical materials, it still had “a 
long way to go.” There has been some 
agitation for the Government to be- 
gin releasing material from its stock- 
pile for armaments production, but 
no action has been taken as yet. 

3. New methods for extracting 
both primary and secondary materials 
and the experience gained in World 
War II in the production of National 
Emergency alloys can be utilized, if 
necessary, for increasing the supplies 
of strategic materials and making 
these supplies go further. 

4. The schedule for mobilization is 
less accelerated now than it was be- 
fore Pearl Harbor. This will give in- 
dustry more time to expand and to 
develop sources of material for mili- 
tary requirements, allowing much of 
the existing capacity and materials 
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output to be used for civilian produc- 
tion. 

5. Some of the “shortages” of ma- 
terials which developed only after the 
start of hostilities in Korea are begin- 
ning to ease off slightly. This indi- 
cates that scare buying and hoarding 
were largely responsible, since too 
few military orders had been placed 
at the time to affect materials supplies 
appreciably. 

On the other hand, this encourag- 
ing picture of the materials situation 
should not overshadow the fact that 
there will be some cutback in civilian 
production. At the beginning of the 
pre-Pearl Harbor defense program, 
American industry was operating be- 
low capacity. Increased production of 
military material required no great 
expansion of facilities, and it was 
comparatively easy, at first, for indus- 


try to provide additional material and 
plant space to meet demands. 

Before Korea, however, most U. S. 
industries were Operating at capacity, 
turning out the greatest volume of 
consumer goods in history. As a re- 
sult of the boom, copper and steel 
supplies were tight, and manganese 
was becoming increasingly short be- 
fore most Americans had heard of 
Seoul and Pohang. What this means, 
simply, is that any substantial volume 
of military production cannot be 
added to our present record civilian 
production. Because all, or almost all, 
of the available supplies of certain 
raw materials are already being used, 
new military production must dis- 
place civilian production to some 
extent. 

Production of hard goods, such as 
automobiles, refrigerators, radios and 


Completion of a far-flung radar screen to guard the U. S. against possible sneak attacks 

and the equipment of our land, sea and air forces with electronic detection and naviga- 

tion devices will consume great amounts of strategic materials. (Courtesy Westinghouse 
Electric Corp.) 


washing machines, all of which ,, 
sume great quantities of potenti) 
material, will probably be af.. 
most as defense orders begin t , 
in. Automobile production, fo, ; 
stance, is expected to drop {, 
8,600,000 units per year to a 
six and seven million. But the app, 
production rate before Pearl Ha, 
was only 3,000,000 units. Other },, 
goods production is expected to dy 
correspondingly, but it must be » 
membered that the new credit and; 
stallment buying restrictions sho 
help close the gap between supply 
the abnormally high demand whi 
exists at this time. 

Meanwhile, the government | 
moved quickly to expand our mi 
rials supply. Congress, through ¢ 
Defense Production Act of 1950} 
empowered the President to mi 
loans to private enterprises for the q 
pansion of capacity or the productiy 
of essential materials, “including 4 
exploration, development and mini 
of strategic metals and materials” | 
addition, laws restricting Governme 
purchasing of strategic materials hi 
been removed, allowing the Preside 
to authorize such purchases at pq 
ments above the market price, if ng 
essary. This will enable the Goven 
ment to speed up the stockpiling: 
materials which, until now, were di 
ficult to procure because of industry 
great demands. Of course, supplies: 
materials immediately available t 
civilian producers will be diminist 
by increased Government buying 

Although the Defense Act i 
gives the President power to alloc 
materials, it is believed that much 
this task will be left in the hands¢ 
materials producers, some of who 
were on a voluntary allocation bi 
even before the Korean war. So ti 
voluntary allocation is believed to! 
working satisfactorily, with suppl 
being distributed among regular « 
tomers in proportion to their previ 


needs. Priority is being given to a 


tomers with defense contracts, ho 
ever, and all orders from new buyt 


are carefully screened to discoumif 


hoarding. 

All of the foregoing information 
based on the assumption that the U. 
will not be forced into an all-out ¥ 
in the near future. It considers 0 
the program of partial mobilizatl 


necessary under present long-tali 
plans for defense. In the follow 
strategic materia 


breakdown of 
however, the consequences of a tl 
war effort and the availability ' 
materials for implementing it 
also been included. 


MATERIALS & METHO! 


The 
ound 
eatin 
of ra 
950 
00,9 
or Ci 
ons | 
urth 
or CC 
prod 
ons | 

Th 
ently 
jons 
ping 
prog! 
pan 
944 
I. In 
urta 
oul 
reel 
ble 

N 
reel 
prese 
erin 
bsseC 
ribu 
upp 
uch 





ing producers have begun voluntary § magnesium industry during World 





































































tee “ican da allocation to halt a wave of scare buy- War II was a shortage of electric 
h ql ‘The ourbreak of fighting in Korea —_— ing. The leading U.S. aluminum pro- _ power, but this was overcome by the 
al und the nation’s steel industry op- ducer recently revealed that there is adoption of the ferro-silicon process 
fem ating in high gear and making plans _— no severe shortage of pig and ingot _ for the production of magnesium. 


t0 nor continued expansion. On J uly 1, aluminum and that its allocation was 

for jqmmmg50 the industry's Capacity reached = prompted by growing evidence that Copper 

» fing 00,563,500 tons of ingots and steel — some consumers were stocking up in Seles vel Aivat 
ear casting, an imcrease of 1,170,700 apparent fear that their source of tacks of copper in the hands:o 

Ong ygs during the first half of the year. supply might be shut off or curtailed. Producers, fabricators and consumers 


her increases in Capacity planned It is estimated that only 10% of os reported - be at an all-time o~ 
et halllmlor completion in 1952 will bring the current aluminum production will be today. F ighting ” Korea merely a ded 
0 drm oduction to more than 105,000,000 _— required for the proposed partial mo-  ° @ heavy “-_ ial demand which 
be rons yearly. , bilization, mostly for aircraft. Fur- 548 rape Bers. 24 ie = 
andiqmm This means that the U. S. is cur- _ thermore, the Government has moved ‘St@NUy since Detore World War IL 
shoulmently producing close to 18 million —_ to increase domestic and foreign pro- Because not enough copper stock is 
ply aillions more than it was at the begin- duction for defense. More than $6 available, a number of copper mills 
-Whidllping of the pre-Pearl Harbor defense _ million of ECA funds have been ear- recently reduced their working week 

ogram and 11 million tons more marked for a bauxite plant in Ja- fom six to five days. 

At himehan it was required to produce in = maica, which will produce 40,000 Chief among the reasons for re- 
t maria 944, the peak year of World War tons of alumina per year by the end duced copper supplies have been a 
gh tl. In the event of another all-out war, = of 1953. temporary slump in imports from 
50, hllurtailment of civilian production But more immediate production, a Chile, where strikes have cut down 
) malf™ould release an annual output of = 100,000 ton-a-year increase, has been production, and the reluctance of im- 
theeiilBreel great enough to meet any forsee- —_ predicted by the Munitions Board as _—- PoFters to take copper out of bond at 
ductigible demands. i ae the result of de-mothballing unused _ ‘his time. Meanwhile, industry lead- 
ing Wms Nevertheless, the situation in the —_ production capacity. This increase will  °S have unleashed a barrage of criti- 
miniagi™mreel industry is described as tight at —_ bring aluminum production above the  “!S™_@¢ the Senate Finance Commit- 
als impresent, even with only a small scat- = 1944 figure and to less than 100,000 ‘ee for tabling a copper import tax 
romemmmering of defense orders being proc- _ tons per year under the record 1943 Suspension bill. Retention of the 2¢- 
als hawissed. Of course, the greatest con- figure of 920,179 tons. Several addi- per-pound tariff, they argue, is hold- 
resideimmributing factor to the present short tional plants are to be placed on a 98 down imports of copper at a time 
at palmupply is the unprecedented boom in standby basis. when it is needed most. 
, if ngMuch important steel outlets as the _ Optimum U. S. copper production 
soverimimutomobile (requiring 20% of the ; is considered to be around 900,000 
iling (reel output) and housing industries. | Magnesium a ges although paar more 
ere din addition, a new railroad freight car . than a million tons annually were 
dustyfM@onstruction program—vital 2 our Magnesium producers age confident produced during World War II. Esti- 


lies diet ‘ll . that, for most products, consumer de- cnetiié:-dht Gidiian: tee habia tien 
P perense program —wih Fequire af mands for magnesium can be met in PPe 8 


able Westimated 250,000 tons of steel per hn’ Ci ak tae Ze the next 12 months, however, run as 


Linis onth. military uses. While there has been high as 2,000,000 tons, meaning that, 


ring. ve c- “uf even with increased production at 

% , pee thy —— = ie no significant evidence of scare-buy- Seta’ Gite welll’ Mahia Cnn ortega 

' y . . ’ ° 

alloc ie ll of. ar ae a f em ‘aah : ing, the nation's latgest peoducer in- 50% of our copper cou Chile 
ry au OF the cirect detense OFders stituted voluntary allocations in mid- a PP ; ' 

nuch ade so far. Steel consumers, ex- Mexico and Canada are, at present, 


September to assure an adequate 
supply for military requirements. 
The principal military uses of mag- 
nesium are in aircraft and airborne 
equipment. To allow for the increased 
demand that will accompany expan- 
sion of our air force, the Government 
has authorized the reopening of five 


our chief suppliers of copper. 

In an effort to conserve copper, 
many shell casings are now being 
made with steel instead of brass. But 
copper continues to be one of the 
vital war metals. More than 1500 
tons of copper, for instance, are re- 


ands @iMperiencing pre-allocation jitters, have 
 Whodlimade a mad scramble for all the steel 
on bisihey can obtain. Holders of so-called 
So i@Mivar steel orders, for instance, have 
d 0 MMMeen reported padding their requests 
suppi@mor steel by 200%. As a result, steel 
lar oMMBpokesmen say, the steel industry is 


rreviodimlready doing mext year’s business. of tek ehais themes dicate aakie’ quired to build a battleship of the 
tO CDut now with voluntary allocation MBM 2 nee ‘ace World Iowa class, a B-29 requires three tons, 
S, hoWlecoming widespread and scare buy- bee P and landing craft and tanks use one 


War II. It is believed that full pro- 
duction can be attained within 90 
days in all of these plants. With good 
foundry and extrusion capacity avail- 
able, the only bottleneck in mag- 
nesium production is believed to be 
the mill capacity for the rolling of 


ton each. And, with ever-increasing 
use of electronics in warfare, copper 
wiring and contacts are in greater 
demand. 

Producers of civilian goods can ex- 
pect no alleviation in the tight cop- 


; buying beginning to subside, they add, 
courgm@here will be plenty of steel to sup- 

Port a long-range rearmament pro- 
ation eam in addition to maintaining a 
he UBlightly reduced but healthy civilian 
out Waroduction. 


ers ON per situation in the near future. 
izatiauminm magnesium sheet. A recent Govern- 

g-rat tis | : ment announcement, however, re- Nickel 

Hlowil The U. S$. aluminum industry is vealed that a large new continuous 

teri CY Producing primary metal at the _ coil rolling mill, to be constructed at Despite the fact that the annual 
9 tome “© Of 725,000 tons annually, a figure Madison, Ill, will ease the magnesium production of primary nickel in the 
‘ity xceeded only during the war years sheet situation. U. S. is less than 1000 tons, the possi- 


‘eh {1943 and 1944. Nevertheless, lead- The only serious problem facing the bility of serious shortages of this im- 
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portant metal, even in the event of 
all-out war, is remote. 

Fortunately, close to 80% of the 
world’s production of nickel comes 
from our northern neighbor, Canada. 
And since Canada’s fortunes are 
closely allied to ours in the present 
crisis, U. S. industry is not likely to 
be in want of nickel or in need of 
substitutes. At present, a temporary 
shortage exists and voluntary alloca- 
tion has been instituted by nickel 
producers. But, as in the case of so 
many other important war materials, 
scare buying has been largely re- 
sponsible for the short supply. Pro- 
duction is being expanded in Canada 
to meet the increased demand, while 
the U. S. is planning to reopen a 
Cuban nickel plant. 

Use of nickel enters into many 
ferrous and nonferrous products, 
most of which have military signifi- 
cance. The steel industry, of course, 
is the greatest consumer, having 
taken 60 to 70% of the available 
output during World War II for 
alloy steels. Although the aircraft in- 
dustry has always been a heavy user 
of nickel alloys, jet plane production 
has increased its demand even more. 
Heat resisting nickel alloys are vital 
for combustion chamber liners, ex- 
haust pipes, rotors, blades, bolts and 
other highly-stressed jet plane com- 
ponents operating at elevated tem- 
peratures. 

Radar, loran, and other electronic 
devices require great amounts of 
nickel for cathodes, anodes, grids, 


lead wires and permanent magnets. 


Chromium 


While America uses about 48% 
of the world’s chromium ore produc- 
tion, it mines only 2% of its normal 
needs annually. Until recently, how- 
ever, imports of this vital alloying 
metal more than made up this de- 
ficiency, allowing us to increase our 
government and industry stockpiles 
considerably. But after the first quar- 
ter of 1949, Russian exports of 
chromium to the U. S., which had 
reached a record high of 352,000 tons 
in 1948, were completely cut off. 
This move, in retaliation for a U. S. 
embargo on machinery or other 
equipment that might be used for 
war production, deprived us of one 
of our largest sources of chromium 
ore. 

Fortunately, this counter-embargo 
by Russia has been partially offset by 
increased Turkish ore exports, which 
rose from 52,000 tons in 1947 to 
200,000 tons in 1948 and 227,000 in 
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1949. Other sources of chromium ore 
are South Africa, averaging 230,000 
tons for the last three years, Cuba, 
the Philippines, and Southern Rho- 
desia. 

Current shortages of chromium in 
industry are probably being caused 
by heavy government stockpiling and 
the widespread scare buying. A 
glance at the map is enough to in- 
dicate why stockpiling has been ac- 
celerated. In the event of all-out war, 
it appears likely that chromium 
sources in Turkey and, perhaps, the 
Philippines will be cut off. For the 
time being, however, we have a com- 
fortable supply, and steel, refractory 
and chemical producers should have 
no difficulty in filling most of their 
chromium requirements. Big users of 
chromium for plating, such as the 
automobile industry, will find their 
supplies cut slightly, but not enough 
to require the wholesale substitution 
resorted to in 1941. 


Manganese 


Manganese is ranked by many au- 
thorities as the United States No. 1 
strategic material. It is required as a 
deoxidizer and desulfurizer in the 
manufacture of steel; approximately 
14 Ib. are used in every ton of steel 
produced. A manganese shortage in 
time of emergency would constitute, 
therefore, a dangerous bottleneck cur- 
tailing the output of steel. 

Russia supplied us with 427,000 
tons of manganese ore in 1948, rank- 
ing her first among our suppliers. 
Then came the embargo in 1949, 
cutting off all but 81,000 tons, which 
were shipped during the first quarter 
of the year. At present, no manganese 
is reaching us from Russia, but the 
deficiency is being made up by in- 
creased shipments from the Gold 
Coast and Transvaal in Africa, and 
from India and Brazil. Plenty of 
manganese exists at various places in 
the U. S., but it is of too low a grade 
to make refining commercially feasi- 
ble. Nevertheless, the deposits are 
being investigated and concentrating 
methods developed to meet a possible 
emergency. Also, the 10% manganese 
content of steel furnace slags offers 
a possible, but costly, source. Exports 
from a huge Brazilian development 
are expected to supply 300,000 tons 
annually, but not until the middle of 
1952, at least. 

The tight situation in manganese 
today can be directly linked to record 
steel production and accelerated gov- 
ernment stockpiling, but steel pro- 
ducers, so far, have not encountered 


much difficulty in meeting their , 
quirements. 


Zine 

Enough zinc is now being py 
essed in the U. S. to provide alm 
normal consumer consumption jf , 
Korean war remains localized , 
mobilization plans are not reyiy: 
according to spokesmen for the ;j 
industry. U. S. produces a large p, 
centage of its needs, with Canada » 
Mexico supplying our largest jg 
ports; so there is little danger of 
short supply in the event of lar 
scale warfare. 

Zinc finds its chief war use; ; 
brass, dry cells and die casting 
although galvanizing, its greatg 
peacetime consumer, has many jj 
direct uses in a war effort, 7) 
amount of brass produced, howevg 
usually depends on the copper avi 
able, since copper is usually in shone 
supply than zinc. Galvanizing, on th 
other hand, decreased during Work 
War II because of shortages of in 

As was the case with other m 
terials, the critical shortage of zim 
which arose in July was due pi 
marily to hoarding and the doubligy 
of government stockpiling  withi 
the last year. In an all-out war effo 
lack of manpower could be the gres 
est peril to our zinc output. Durigg 
World War II, many miners who hi 
been drafted were discharged ant 
sent back to zinc and lead mind 
when production began to lag. 


Lead 


Although the lead situation is tem 
porarily tight, spokesmen for les 
producers anticipate little difficulty 
supplying all forseeable demands, it 
cluding requirements for an all-w 
war. Contributing to the prese 
short supply of lead are scare buyia| 
low inventories (caused by recet 
high prices), and a genuine expat 
sion of consumer demand. 

The tremendous increase in autt 
mobile production. and the grt 
number of cars on American high 
ways, using record-breaking quait 
ties of storage batteries and tetraeth! 
lead (in gasoline), are, more thi 
any other factors, responsible for tht 
great demand for lead today. In 
dition, the building boom and ti 
resulting increase in the use of lea 
base paints have added to the |0ad._ 

While lead is not the war met 
that copper, zinc and steel are, " 
makes several direct and many 
direct contributions to the milital 
The largest uses of lead in wartim 
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are in small arms ammunition up to 
50 cal., storage batteries and tet- 
raethy! gasoline. (With the ever- 
increasing proportion of military air- 
craft being jet-powered, the amount 
of high-test gasoline needing tet- 
raethy! lead is decreasing because jets 
yse comparatively crude petroleum 
products. ) One very common mis- 
conception debunked by lead spokes- 
men is that great amounts of lead 
will be required for shielding in our 
atomic projects. While lead is im- 
portant in atomic energy work, they 
assert, only one-tenth of 1% of the 
nation’s output is now being used for 


that purpose. 





Hard pressed by a record peace-time econ- 

omy, the nation’s steel industry now must 

gird for the additional burden of war pro- 

duction. Expansion plans call for a capacity 

of 105,700,000 tons per year by the end 

of 1952. (Courtesy Carnegie-lilinois Steel 
Corp.) 


_ Lead was in plentiful supply dur- 
ing World War II, the only shortage 
occurring when too many lead miners 
were inducted into the armed forces. 
In the event of another world-wide 
conflict, the nation is assured of a 
large supply of lead from within its 
borders and additional supplies from 


Canada, Mexico, South America and 
Australia 


Other Strategic Metals 


Tin—Although our largest supply 
of tin comes from Bolivia, important 
tonnages are also imported from In- 
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donesia and Thailand (Siam), both 
of which would probably be cut off 
in the event of large-scale war in 
Asia. Tin supplies are ample now, 
but the Government is accelerating 
its stockpiling. Government alloca- 
tion controls, ended only last January, 
may be instituted again. 

Tungsten — Domestic production 
of tungsten is inadequate for U. S. 
requirements in tungsten steels and 
tungsten alloy tools. China and Korea 
supply us with approximately 60% 
of our imports and, because of the 
uncertainty of future shipments from 
that area, stockpiling has been ac- 
celerated. But there should be no 
difficulty in obtaining supplies in the 
near future. 

Columbium—Used to improve im- 
pact strength, heat resistance and 
weldability of steel, and to stabilize 
stainless steels, this alloying element 
is now critically short because of in- 
creased demand for high temperature 
metals and stainless steels. Major 
supplies of columbium come from 
Nigeria, Belgium Congo, Brazil and 
Bolivia, but resources in Nigeria, our 
best source, are becoming depleted. 
A bright spot in the picture is the 
recent introduction of more available 
titanium and _ titanium-columbium 
combinations as substitutes. 


Plastics 


With the sudden expansion of the 
synthetic rubber capacity and the 
prospects for greatly increased con- 
sumption of aviation gasoline, many 
plastic products based on benzene 
and styrene (which uses benzene in 
its production) are expected to feel 
the squeeze. The effects of the re- 
armament program on these and 
other plastics is reviewed in the fol- 
lowing breakdown: 

Polystyrene—The diversion of 
benzene and styrene to defense pro- 
duction will undoubtedly hurt the 
production of polystyrene. But, with 
polystyrene coming into widespread 
use, it should have many military ap- 
plications, also. Undoubtedly, there- 
fore, materials will be diverted for its 
production for military purposes, but 
civilian producers will have to expect 
a cut. 

Phenolics and Alkyds—These plas- 
tics also need benzene, but have many 
essential war and civilian uses. Suf- 
ficient supplies will probably be pro- 
vided. 

Acrylics—At the present time, 
there are adequate supplies of acrylic 
molding materials and fabricating 
stock. It appears that adequate raw 
material and production facilities 


are available to fill forseeable mili- 
tary needs and reasonable commercial 
requirements. 

Cellulosics—While the latest gov- 
ernment figures on cellulose plastics 
show a considerable improvement 
from 1949, indications point to fur- 
ther demand increases. There is slack 
to be taken up, however, before 
shortages are likely. Although there 
appears to be adequate raw material 
supplies, further expansion will be 
limited by conversion facilities. 

Nylon—Nylon is one of the heavy 
users of benzene, but also is an es- 
sential military material. Sufficient 
benzene supplies will be available 
for nylon’s use in the rearmament 
program, but civilian nylon should 
be more difficult to procure. 

Polyethylene — Already in short 
supply, polyethylene is used for many 
military applications. While plant 
capacity is being increased to allow 
greater production, military demands 
will probably preclude further ex- 
pansion of nonessential uses. 

Melamines—The supply of these 
plastics and chemicals required for 
its production are ample for all for- 
seeable civilian and military needs. 

Ureas—Supplies of ureas are suf- 
ficient at present, but their produc- 
tion is dependent on nitrogen, which 
finds both military and agricultural 
uses. 

Vinyls—To some extent, the vinyls 
are influenced by the rubber supply 
situation, since they are often used 
as substitutes for rubber. There 
should be adequate supplies of vinyl 
for both civilian and military pur- 
poses. 


Rubber 


Facilities for raising production of 
synthetic rubber to 755,000 tons per 
year are being reopened by the Gov- 
ernment as a result of war in the Far 
East. Additional facilities, which 
could quickly raise production to 
nearly 1,000,000 tons per year, are 
available. These figures are in con- 
trast to the 4500 tons of synthetic 
rubber capacity available to the na- 
tion in 1940. Meanwhile, the Gov- 
ernment, under prodding from the 
Senate Armed Services Preparedness 
Committee, has begun to increase the 
stockpiling of natural rubber. To in- 
crease natural rubber supplies fur- 
ther, the rubber industry is expected 
to begin using a greater percentage 
of synthetic rubber in final products. 
One likely effect on civilian produc- 
tion, if rubber supplies become short, 
will be the disappearance of the spare 
tire from new automobiles. 
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Chromium Is Plated Directly on Aluminum 
hy New Process 


by T. C. DU MOND, Editor, Materials & Methods 


Wear resistance and anti- 

frictional qualities of many 

aluminum parts can be 

improved by chromium 
plating. 


@ A NEW PROCESS of plating chro- 
mium directly onto aluminum gives 
promise of extending still further the 
usefulness of that versatile material. 
The lightness of the base metal, plus 
the hardness, wear resistance, corro- 
sion resistance and anti-frictional 
qualities of chromium, make a strong 
and mechanically attractive combina- 
tion for many uses. 

The direct plating process was de- 
veloped and is being patented by 
Cro-Plate, Inc. The process evolved 
after considerable searching for a 
more economical method of coating 
aluminum to provide wear resisting 
surfaces. The method has now been 
proved by a number of applications 
over the past year or more. Already 
chromium-plated aluminum is being 
used in gearing, for plug gages, elec- 
trical parts, ball bearings, ring seals, 
pulleys, and many other parts. As yet, 
decorative aspects of the method have 
not been investigated. Wrought, sand 
cast and die cast aluminum alloys can 
be plated with equal ease. In addition 
to seeking patents on the process, 
Cro-Plate manufactures the equip- 
ment necessary to its proper execu- 
tion. 

Aluminum, in common with some 
other corrosion resistant materials, is 
protected from the atmosphere by an 
oxide coating that forms immediately 
upon contact between the metal sur- 
face and the atmosphere. It is this 
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oxide coating which makes the plat- 
ing of aluminum difficult. In fact, 
many coatings applied to aluminum 
are not bonded directly to the base 
metal, but are held on by the oxide 
coating or some other separating 
layer. 

Two rather widely used plating 
methods in use today have the addi- 
tional disadvantage of requiring at 
least one additional step between 
cleaning and plating. In addition, as 
many as three plating baths are used 
to attain the same results now ob- 
tained with one plating step. Most 
frequently used is a process which 
starts with a zincate bath. The zinc 
deposited by the bath serves as a base 
for subsequent plating by copper, 
nickel, and then the chromium. A 
second popular method requires that 
the aluminum be anodized. Plating is 
then done on the anodized surface. 

In searching for a way to plate 
directly on aluminum without any 
of the usual intermediate steps, Cro- 
Plate engineers looked for a method 
of coating which would protect the 
aluminum surface between the time 
it was mechanically cleaned of both 
dirt and oxides and its immersion in 
the plating bath. In addition to pre- 
venting any contact between the air 
and the aluminum surface it covered, 
the coating had to be inert so that it 
would not contaminate the plating 
bath. The answer seemed to be in the 
abrasive material used in wet blasting 
metal surfaces for cleaning and finish- 
ing. Investigation showed this prem- 
ise to be true. 


The Process 


Here, briefly, is how the process 
works. Aluminum to be plated is wet 


blasted by an abrasive suspended jn 
water. After being blasted, the alumi. 
num surface retains a coating of the 
suspension thick enough to prevent 
any action by air on the mechanically 
cleaned aluminum for a period. lon, 
enough to permit the aluminum w 
be immersed in the plating bath 
Once in the acid bath, the coating 
washes away from the aluminum sur. 
face and settles to the bottom of the 
tank. To insure maximum efficiency, 
the blasting machine is ‘placed nex 
to or in close proximity to the plating 
tank. 

As a comparison which will show 
how time and money can be saved 
by the new process, we note that the 


1, Aluminum parts to be plated are firs 
given a thorough wet blasting by a fine 
abrasive suspended in water. 
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nost commonly used method now 
mployed involves: 
_ Chemical cleaning 
_ Zincate bath 
3, Copper plating 
_ Nickel plating 
_ Chromium plating 

By the process developed, only two 
reps are required, namely: 

|. Wet blasting 

2, Chromium plating 

Examination of plating done by 
he new process shows that there is a 
ery definite integral bond between 
he plated material and the aluminum 
base. There is no oxide coating or 
other separating layer between base 
und plated coat. 

The abrasive material used is 
quartz crystal (silicon dioxide). This 
material is hard and, of importance 
0 this process, is chemically inert. 
When the quartz crystal is washed off 
the aluminum in the plating bath, it 
settles harmlessly to the bottom of the 
tank. 

Action of the abrasive is important 
in the plating process. First, the hard 
crystals knock the oxide from the 
aluminum surface to permit plating. 
The crystals are cube-shaped with 
rounded corners. When the crystals 
strike against the aluminum surface, 
they create a myriad of microscopic 
hills and valleys as they clean and 
smooth the surface. The result of the 
action is to actually increase the sur- 
face area of the part by about ten 
times. The increased surface area adds 


2, As a result of the blasting, the alumi- 

num part is covered with a fine coating of 

abrasive which effectively shields the alu- 
minum from action of the air. 


to the bonding action between the 
plated coating and the base metal. 

Chromium can be deposited on 
aluminum at the rate of 0.007 to 
0.008 in. per hr. by means of a special 
high-speed plating solution used with 
the process. The coatings deposited 
will have a hardness of between 75 
and 82 Rockwell C. 

The costs of plating chromium on 
aluminum by the direct process are 
equal to or less than standard chro- 
mium plating of steel by conventional 
methods. 


Present and Potential Uses 


There are three important mechan- 
ical advantages to plating aluminum 
with chromium. First, the aluminum 
is made more wear resistant. Second, 
the impact value of plated aluminum 
approaches that of unplated mild 
steel. Finally, surface friction is re- 
duced by plating aluminum with 
chromium. This is, of course, im- 
portant where parts are to slide 
against each other. 

Aircraft applications are expected 
to use many types of chromium- 
plated parts. The combination of light 
weight and wear resistance makes 
plated aluminum useful on all kinds 
of transportation equipment and for 
many products which must be port- 
able. 

Already the wear resistant property 
of chromium-plated aluminum has re- 
sulted in its use on aircraft planetary 
gears. A second aircraft use is in the 


3. When the protected part is placed in 
the acid plating bath, the inert coating 
drops harmlessly to the bottom of the tank. 


manufacture of ring seals. Here the 
application requires a surface flatness 
of 25 microinches, which can be at- 
tained with the standard equipment 
used for wet blasting. 

A variable pitch pulley, sand cast 
from an aluminum alloy, is now chro- 
mium plated on all wear surfaces, in- 
side and out. The original cast pulleys 
wore unevenly on the bore. Plating 
corrected this. However, the belt then 
started cutting through the sheeve. 
Again, plating on the wear surface 
permitted aluminum to serve in the 
application. 

In another case, aluminum balls 
used in a machine gun mount were 
work hardening out of shape through 
a peening action as they hit 
against each other. Chromium plating 
stopped the trouble. The plated balls 


run in magnesium races. 


Plating Other Materials 


Maximum use of the direct plating 
process is expected to be in the chro- 
mium plating of aluminum, but its 
usefulness does not end there by any 
means. 

For example, the identical pro- 
cedure can be used to plate any of the 
commonly used plating metals to any 
base metal with the exception of 
magnesium. Plating on steel can be 
done without intermediate coatings, 
such as copper. Thus, the method is 
faster and less expensive. Likewise, 
plating of zinc die castings is made 
easier and more certain. 


4. The matte surface of the aluminum re- 
sults in a dull, rather than bright chro- 
mium plate. A high-speed bath permits a 
thick chromium plate in minimum time. 
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Research Shows How Pickling 


Causes Brittleness in Stainless Steels 


by CARL A. ZAPFFE, Consulting Metallurgist 


@ IN THE CLEANING OF iron and 
steel, processes are commonly used 
which expose the metal to absorption 
of hydrogen gas. Reference is spe- 
cifically made to acid pickling, also 
cathodic pickling. It has long been 
known that steel can be importantly 
damaged by hydrogen, and that in- 
jurious quantities of this gas can be 
absorbed during acid pickliag. How- 
ever, (1) the manner in which the 
gas causes the damage, (2) the exact 
conditions under which damage oc- 
curs, and (3) the detailed nature of 
the recovery of steels embrittled by 
hydrogen—these matters have re- 
mained largely unexplained. 

For the past five years there has 
been conducted in the author’s lab- 
oratory, under sponsorship of the Of- 
fice of Naval Research, a fundamental 
study of the bahavior of gases in 
metals, particularly hydrogen in steel. 
Numerous technical reports and pub- 
lications have been issued covering 
the results of this research. However, 
these have been for the most part 
written from the standpoint of metal- 
lurgical theory, and they have ap- 
peared in journals not frequently read 
by the plant metallurgist or engineer. 

Because much of the research di- 
rectly concerns some important in- 
dustrial problems, it has seemed ad- 
visable to reassemble certain of the 
contributions and to describe them 
specifically from the standpoint of 
their possible application to metal- 
lurgical problems in industrial proc- 
esses. 

In the course of -the present re- 
search, many points became clarified. 
Among the discoveries that were 
made, one of the most surprising 
concerned the great sensitivity of the 
hardenable grades of stainless steel 
to pickling brittleness, and specifical- 
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ly the fact that commercial inhibitors 
added to the pickling solution cus- 
tomarily imcrease the embrittlement 
beyond that caused by the raw acid. 

This is clearly a matter of prime 
concern, for the hardenable stainless 
steels frequently present difficulties 
from breakage during wire drawing, 
and cracking and splitting during 
cold-heading operations and similar 
processes involving cold work. It is 
a contribution of this research to 
isolate important causes of many such 
difficulties, to provide an understand- 
ing of their fundamental nature, and 
to recommend procedures for their 
minimization or avoidance. The steels 
in question actually have a consider- 
ably wider range of workability than 
commonly believed because of un- 
suspected or uncontrolled interfer- 
ence from hydrogen; and a principal 
purpose of the present writing is, 
therefore, to describe the damaging 
factors in terms allowing application 
of the knowledge to plant practice. 


A Microscopic View 
of the Embrittlement Process 


While it is not intended to discuss 
theoretical aspects of embrittlement 
beyond their immediate usefulness, it 
is important for anyone involving 
himself with a problem of brittleness 
in the plant to have at least a sim- 
plified understanding of the manner 
in which hydrogen embrittles steel. 
This can now be given so descrip- 
tively that its grasp is relatively easy. 

In Fig. 1, a sketch shows a metal 
—which can be understood to rep- 
resent any type of steel—containing 
some typical scale on its surface which 
is being removed by pickling in an 
acid solution. Hydrogen ions (H*), 
which are the chemically active units 


Fundamental studies on the behavior of 

gases in steel have resulted in a bette, 

understanding of the difficulties encoun. 

tered in pickling and have suggested ways 
of avoiding failures. 


of hydrogen in the pickling solution, 
lose their positive charge at an area 
of exposed metal on the left, forming 
hydrogen atoms (H) which, because 
of their small size and their chemical 
attraction to iron, are enabled to dif. 
fuse direcly into the atomic structure 
of the iron. These H atoms are repre 
sented in the sketch as black dots. 

Once within the iron, however, 
these atoms immediately recombine 
wherever the atomic structure is 
slightly loosened; and they form in 
this manner tiny micro-pockets of 
entrapped molecular hydrogen gas 
(Hz). The pockets are indicated as 
“planar occlusions” in Fig. 1. 

As will soon become clear, this 
is important to know, for hydrogen 
does not do its damage to steel by 
forming a brittle compound, as was 
long believed, but instead by devel- 
oping pressures of microscopically en- 
trapped gas which actually exceed 
the elastic strength of the steel itself. 

Furthermore, these entrapments are 
now known to occur along the same 
crystallographic planes within the 
iron which are operative in plastic 
deformation and fracture’. The en- 
tire behavior of this gas: first, in ren- 
dering the steel brittle and, second, 
in later stages of its removal from the 
steel to allow a return of ductility, 
involves this unique process of i0- 
fusion as hydrogen atoms and internal 
precipitation as molecular hydrogen 
gas. All techniques for avoiding, of 
minimizing, or removing embrittle- 
ment must, therefore, be conceived 
on the basis of this general picture, 
rather than the earlier chemical one 
of hydrides and atomic diffusion, 
which is at best a minor aspect. The 
precipitation of the hydrogen, 1n¢- 
dentally, is little different from that 
which occurs in “precipitation-hatd- 
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ening” alloys, such as Duralumin and 
beryllium copper, except that here 
the precipitant is a gas. 

Proceeding now to Fig. 2, the 
echnique of “fractography” (direct 
viewing of the natural fracture face 
at high magnification) is employed 
»o show the microscopic characteris- 
‘ics which corroborate and illustrate 
the description just given. A speci- 
men of mild steel, heated at 1830 F 
for 2 hr. and furnace cooled, was sub- 
sequently slightly embrittled by hy- 
drogen in a pickling bath and was 
then fractured at the temperature of 
liquid nitrogen (~320 F). The steel 
broke without important prior plastic 
deformation; and Fig. 2 shows, at 
, magnification of 475 times, the path 
of the fracture through a single grain, 
part of whose boundary is visible as 
, dark profile at the left. A number 
of rectangular block-like areas appear 
to one side of this grain, and these 
can be understood to express hydro- 
gen embrittlement. The large blocks 
are visually suggestive of the dia- 
gammatic blocks shown in Fig. 1; 
and this is a useful approximation, 
except that they are actually vast com- 
posites of the tiny sketched blocklets. 

In Fig. 3, a specimen of ingot iron 
is shown fractographically after an 
extended pickling treatment, such that 
it readily fractured in a brittle man- 
ner at room temperature. The speci- 
men had been annealed at 2282 F 
for 2 hr. and furnace-cooled to grow 
large grains, and the entire field in 
the illustration belongs to a single 
grain. An elaborate and fine-scale ar- 
chitecture is now visible, the crystal 
being highly subdivided by internal 
precipitation of the embrittling gas; 
and the tiniest visible units in the 
pattern are believed to be closely re- 
4% to the units in the sketch in 
ig. 1. 

According to a new theory for the 
structure of solids such as metals— 
which will be mentioned here because 
it expressly explains the embrittle- 
ment phenomenon—each grain com- 
prises from the time of solidification 
avast mass of extremely small clusters 
of atoms, the clusters being called 
micelles.” The individual micelle is 
the individual blocklet in Fig. 1; and 
the pockets of occluded gas are ac- 
Cordingly presumed to form in be- 
ween the micelles which form the 
sain. Since these, in turn, are pre- 
‘sumably the units which slip during 
plastic working, the precipitation of 
the gas understandably interferes with 
‘ip, and hence registers mechanically 
% a loss in ductility. 

Returning again to Fig. 1, the path 


°CTOBER, 1950 
























































= Pickling Sol n. 








SCALE 


METAL 


+ Ht ION 


Fig. 1—Diagrammatic sketch of the action 
of hydrogen in an acid pickling process. « H ATOM 


OQ HH, BUBBLE 
~<—> PLANAR OCCLUSION 


Left: Fig. 2—Microscopic 
view of the beginning of 
“pickling brittleness.” 





Below: Fig. 3—Fractograph of ingot iron 
subjected to severe pickling brittleness. 




























of the gas after absorption by the 
steel during pickling is shown in ap- 
proximation by the large white arrow, 
sketched according to simple laws of 
diffusion since there is no gas being 
absorbed over the area covered by 
scale. 

All that has been said can now be 
gathered together to provide a broad- 
ly useful understanding of embrittle- 
ment, also a new concept for the 
descaling action. Thus, the highly 
compressed and microscopic pockets 
of hydrogen gas travel along crystal 
planes believed to be the faces of 
individual micelles, the pockets prob- 
ably blasting their way from one 
micellar position to another as their 
pressure exceeds some critical value. 
Ultimately they reach the surface of 
the metal and escape. 

At the left of Fig. 1 some of these 
show as bubbles on the exposed area. 
Those which effuse beneath an ad- 
joining layer of scale explode the 
scale away, much like this gas is 
known to do in the “fish-scaling” of 
enameled ware”. Previously it has 
been thought that the scale was re- 
moved by acid which penetrated tiny 
openings in the scale and developed 
explosive pressures of hydrogen upon 
contacting the metal. Whichever is 
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the predominating action, the one 
depicted in Fig. 1 has been demon- 
strated to be important *. 


Cold Work and Martensite as Factors 


In general, the foregoing descrip- 
tion of the mechanism by which 
hydrogen causes embrittlement is gen- 
erally applicable to any iron, steel or 
ferrous alloy. The degree to which 
the steel is affected, however, depends 
upon a number of factors, two of 
which concern the condition of the 
steel with regard to previous (a) 
cold work and (b) heat treatment. 

In Fig. 4, bend values are plotted 
for AISI Type 410 stainless steel 
(12% Cr) subjected to a pickling 
treatment described in a later para- 
graph. These data were obtained by 
means of a special test* applied to 
0.06-in. wire, the details of which can 
be found in the cited reference. It 
is only important here to notice that 
bendability is being used as a measure 
of hydrogen embrittlement, and that 
the bend angles, ranging from zero 
to a “full bend” of 180 deg., are shown 
vertically on the left of each graph. 

In the Figure, Type 410 is shown 
to sustain a bend of 180 deg. in all 
conditions previous to pickling, and 
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to retain that full bendability thy 
out a pickling period of 2 hr. 
(a) annealed or (b) annealed i 
cold drawn. However, when hy; 
ened, Type 410 shows a loss of beg 
ability within the first few ming. 
of pickling, dropping to very |, 
values near 50 deg. When, in 
tion, the hardened steel is cold dray, 
and then pickled, the full bendabij, 
is lost within a minute or two, 
the values drop to as low as 10 w 
12 deg. This is an extremely brinj 
condition—comparable to Type 44 
C, one of the most difficult to wo 
of all the stainless steels. 
Cathodic pickling was used {y 
obtaining the data in Fig. 4. Ty 
electrolyte-was 10% NaOH, tempe 
ture 122 F and the current densiyy| 
amp. per in.®, the steel being mx 
the cathode. This type of pickling 
was chosen for disclosing the effex 
of these factors within the steel itsef 
because the bombardment of the sted 
by hydrogen can be made const 
for all tests by controlling the curre 
density. In acid pickling, the ty 
relationships with hydrogen can ij 
obscured by the fact that the sted 
reacts differently with the acid wha 
in the different conditions, and hen¢ 
creates differing hydrogenizing effen 


Fig. 4—Pickling brittleness re- 
lated to the condition of the 


Fig. 5—A study of acid typ 
and concentration as factors | 
pickling brittleness. 
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» solve the general problem, it is 










hroug, mportant first to isolate cold work 
T. Whey 4 heat treatment as factors. As for 
led aif. actual embrittlement of these 
D bad eels in acid pickling, this is a special 
of beni ME -oblem whose separate exploration 
TMNUGE onstituces a Second step. 

ery |g From much data similar to that in 
In add; 





ig. 4, it can be concluded that: (1) 
ree] is much more susceptible to em- 
ittilement when in the hardened 
ondition, and (2) cold working fur- 
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10 fMMer increases the susceptibility of 
y brite] in any condition. While the 
Pe “Rta in Fig. 4 show no difference be- 
(O WOU ween annealed steel and the same 

reel subsequently cold drawn, other 
Sed {qMMB.s:s confirm the stated effect of cold 
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Frequently there is heard an opin- 
n that greater or less embrittlement 
ollows from pickling with one or 
nother type of acid. This matter has 
how been explored °, and two sets of 
lata in Fig. 5 summarize the results 
or the two most important com- 
mercial pickling baths: sulfuric and 
bydrochloric acids. 

Once again a method of study is 
dopted which provides a disclosure 
bf fundamental effects—this time by 
plotting the bend values against nor- 
pality aS am expression of acid con- 
entration, because normality is the 
hemical expression directly relating 





























ig. 6—Temperature of the pickling bath 
as related to embrittling power. 
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to chemical properties. In the upper 
portion of Fig. 5, bend values are 
shown as the underboundary of a 
shaded area depicting embrittlement 
developing in annealed Type 440-C 
stainless steel wire pickled over a 
wide range of concentration of sul- 
furic acid at 150 F, for 15-min. 
periods. 

On a basis of equal normalities, 
sulfuric and hydrochloric acid baths 
disclose no important difference. Em- 
brittlement begins at about the same 
dilution in each case, proceeds to 
approximately the same minimum 
values, and then rises again at very 
high concentrations where ionization 
is importantly reduced. Accordingly, 
the two acids are fundamentally simi- 
lar, any apparent differences being 
due to a comparison of unlike con- 
centrations, or to passivating effects. 
Sulfuric acid results in the return of 
a full bend at very high concentra- 
tions. Hydrochloric acid indicates a 
similar action, but concentrations in 
the very high range are not readily 
explored. 

To facilitate interpretation of the 
data in terms of commonly used pick- 
ling concentrations, there is indicated 
on the graph the positions of 10 and 
50% solutions, based upon volume 
percent of the common concentrated 
acids. 

In Reference 5, a special study 
goes on to show that most of the 
common acids cause embrittlement 
which is almost identical with that 
given here for sulfuric and hydro- 
chloric acids, the minimum and maxi- 
mum concentrations differing some- 
what, depending upon ionization of 
the acid. There was similarly demon- 
strated in the case of cathodic pick- 
ling that the choice of electrolyte 
makes little if any difference*. With 
other factors held constant, embrittle- 
ment is equally severe whether an 
alkaline or acid solution is used. 


Temperature of the Bath 


Although the temperature of the 
pickling solution is usually governed 
by other reasons, it is interesting to 
know how pickling brittleness varies 
with temperature. The answer to this 
stands in Fig. 6, where bend data are 
plotted for 15-min. pickling periods 
in 1-N sulfuric acid over the entire 
range of commercially used tempera- 
tures. The specimen is Type 440-C 
stainless steel, which is particularly 
sensitive to hydrogen embrittlement 
and is, therefore, used in many of 
the tests to serve as a detector of 
embrittlement. 


Under the particular test condi- 
tions of Fig. 6, the wires continued 
to bend a full 180 deg. until the tem- 
perature was raised from freezing 
toward room temperature. Then em- 
brittlement sharply initiated, proceed- 
ing to low values in the range near 
122 F, and to still lower values in 
the higher commercial range near 
176 F. Because mild heating treat- 
ments are known to expel hydrogen 
from steel, the mistaken idea is oc- 
casionally expressed that pickling at 
higher temperatures leads to less em- 
brittlement. The present data prove 
this to be in error, embrittlement 
worsening continuously as the tem- 
perature increases. Nor can this in- 
crease be blamed upon greater acid 
attack, for similar tests conducted 
under standardized conditions of 
cathodic pickling proved embrittle- 
ment to be worse at higher tempera- 
tures*’®, Heat favors the gas going 
either way—out or in—depending 
upon which side has the gas during 
the heating. 


A Comparison of Steels 


In References 5 and 6, a large 
amount of information has been 
presented regarding the comparison 
of Class I (hardenable) stainless 
steels and carbon steels on the basis 
of sensitivity to hydrogen embrittle- 
ment. In Figs. 7 and 8, some of the 
data are summarized. Fig. 7 shows 
bend values referring to a 10% sul- 
furic acid solution, and Fig. 8 to a 
10% hydrochloric acid. 

While there is a reversal of re- 
spective positions for SAE 1020 and 
annealed Type 440-C, also an indica- 
tion of slightly greater embrittlement 
for stainless steel in this particular 
concentration of hydrochloric acid, 
the two plots are essentially similar 
and are in keeping with the remarks 
made regarding the previous Fig. 5. 

In Figs. 7 and 8, Type 410 now 
shows no embrittlement, even when 
hardened and cold drawn. Compare 
these results with the data in Fig. 4 
obtained from cathodic pickling. The 
difference is ascribable to the fact 
mentioned earlier that stainless steel 
resists chemical attack in general, but 
different solutions to varying degree. 
The production of hydrogen is de- 
pendent upon chemical attack in acid 
pickling, but upon current density in 
cathodic pickling. 

On the other hand, it is interesting 
to find SAE 1090 steel relatively im- 
mune to embrittlement in acid pick- 
ling. This steel has approximately the 
same carbon content as Type 440-C, 
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Fig. 7—Comparison of steels pickled in 3.7- 
normal (10%) sulfuric acid for 15-min. 
periods at 65 C (150 F). 


but lacks the chromium. This effect 
of chromium is frequently demon- 
strated, but is not understood. Type 
431, the grade containing 16 chromi- 
um and 2% nickel, is also shown on 
these plots, and it reveals some sus- 
ceptibility. This grade is known to 
be sensitive to hydrogen. For example, 
coils cannot be processed in the 
hydrogen-containing cracked ammo- 
nia atmospheres without a problem 
of breaking’. 


Promoter Elements 


One of the subtle phenomena in- 
volved in pickling brittleness con- 
cerns the so-called “promoter ele- 
ments.” These are particularly sulfur, 
selenium and arsenic, but also phos- 
phorus, telurium and antimony. A 
specially designed periodic table of 
the elements, in Fig. 9, shows these 
“promoters,” and they are seen to be 
closely placed neighbors along radii 
V and VI in the upper semicircle. 

Further discussion of this chart can 
be found in Reference 8. Here it will 
only be pointed out that there is a 
certain class of impurities, common 
in many steels and in closely related 
positions on a periodic chart, which 
are distinguished by the fact that 
small traces in pickling solutions may 
increase hydrogen absorption a great 
many times over that caused by pick- 
ling in pure acid. It is especially 
significant that sulfur, selenium and 
phosphorus are included among these, 
for they are frequently added to steels 
in important proportions to produce 
free-machining qualities. Many plant 
problems of brittleness, blistering, 
and other difficulties traceable to hy- 
drogen are probably the result of the 
pickling liquor progressively leaching 
these “promoter elements” out of 
the steel and storing them in the 
solution where they can then: exert 
their effect upon subsequent batches 
of steel. This can account for the 
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Fig. 8—Comparison of the same steels of 
Fig. 7, now in I-normal HCI (approxi- 
mately 10%). 


occasional blaming of such difficulties 
on “old pickling liquors.” 

If a problem is encountered which 
might be traceable to hydrogen, it is 
excellent advice to suspect such a 
changed condition of the pickling 
solution; and special care should be 
given the scheduling and pickling of 
the free-machining grades because of 
this contaminating influence. 
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Practical applications of the theories explained in this article will be discussed in , 
second article in a forthcoming issue of Materials & Methods. 





Fig. 9—Special periodic chart of the elements, showing the “promoter elements.” 
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Zirconium with its high 
strength and excellent cor- 
rosion resistance is finding 
many new uses in addition 
to those in electronics 
where it is now used ex- 
tensively. 





@ IN THE CONSTANT SEARCH tor 
better engineering materials, atten- 
tion has recently been focused on 
ductile zirconium. The ores from 
which zirconium are derived are rela- 
tively ample and well located stra- 
tegically. Although the properties of 
pure zirconium are interesting and 
suggest many possible uses, thus far 
extensive use of the metal has been 
confined largely to the electronic 
Feld 


lirconium Offers Interesting Properties and Possibilities 


Briefly, zirconium offers high 
strength and excellent corrosion resis- 
tance as its most promising charac- 
teristics. Due to an affinity for oxygen 
and nitrogen and other gases, zircon- 
ium must be reduced in a vacuum. 
Much of the zirconium produced 
today in this country is made by the 
iodide process, which results in the 
production of crystal bars of varying 
sizes. The crystal bars are then rolled 
directly into sheet and bar stock. 

Because of the difficulty of produc- 
ing ductile zirconium, its first com- 
mercial price was exceedingly high. 
Increased production and refinements 
in the reduction process have brought 
the price down considerably during 
the last five years. Five years ago duc- 
tile zirconium sold for about $500 
per lb., but now the cost of the metal 
is approaching commercial levels for 
special applications. As more uses 


A few typical examples of forms and parts made of zirconium. Shown are drawn cups, a screw, wire screen and drawn rod. 
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and cheaper processes are found, the 
price of the metal is almost certain 
to drop still further. Present uses, 
although important, do not require 
tremendous quantities of the metal. 

In the manufacture of electron 
tubes, zirconium serves an exceeding- 
ly useful function as a getter. Getters 
are used in the tubes to absorb those 
gases which remain in the tubes after 
they have been evacuated. Nearly 
every photographic flash bulb con- 
tains a tiny quantity of zirconium to 
assist in the bulb’s firing action. Many 
fluorescent lamps are made more efh- 
cient through the use of minute 
amounts of zirconium. 

Another important present use of 
zirconium is as an alloying element. 
This use is expected to expand. One 
of the more recent alloys depending 
on this metal is a magnesium extrud- 
ing alloy. Approximately one-half of 
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1% of zirconium provides the alloy 
with desirable extruding characteris- 
tics and end service properties. In- 
creasing quantities of zirconium are 
also being used in connection with 
other metals. 

A few years ago the Air Materiel 
Command instigated research into 
the development of zirconium-base 
alloys for possible high temperature 
aircraft use. Thus far no alloys have 
been developed which would be use- 
ful at high temperatures, although 
some were found to have good prop- 
erties up to 1200 F. Of all the alloy- 
ing materials tried, aluminum was 
found to serve best in increasing the 
hot strength of zirconium. 


Potential Uses 


There are probably many undis- 
covered uses for zirconium, and com- 
panies interested in the metal, such 
as Foote Mineral Co., are investigat- 
ing many possible applications. Two 
uses uncovered by Foote engineers 
give promise of using moderate quan- 
tities of the metal in the near future. 

The corrosion resistance of zircon- 
ium, plus the fact that it is non-toxic, 
suggested the possibility of its use in 
surgical parts and appliances. Inves- 
tigation by competent medical per- 
sonnel revealed that zirconium also 
would permit human tissue to grow 
to it. Thus, it can be used for bone 
screws, plates, wire and other parts 
for use in the human body. 

A second large field of use could 
be in the manufacture of quality jew- 
elry. Zirconium rings will retain their 
lustre equally as long as precious 
metals. The chief drawback to the 
more extensive jewelry use of zircon- 
ium today is that zirconium can only 
be joined by inert gas welding. Most 
jewelry now made is joined by means 
of silver soldering. So the adoption 
of zirconium as a material would 
mean that manufacturing jewelers 
would have to learn new manufactur- 
ing techniques. 

Considerable zirconium metal is 
used in connection with the atomic 
energy program for uses that are as 
yet undisclosed. When and if these 
uses can be revealed it is likely that 
they will suggest other civilian uses. 

Zirconium has been found quite 
satisfactory in the making of glass-to- 
metal seals. The oxide of the metal 
is soluble in glass. One application 
using this characteristic would be in 
the production of glass-lined tanks. 

Since repeated or constant expo- 
sure to the atmosphere will not affect 
zirconium in any way, it has been 
suggested that it be used to make 


O4 


sensitive scientific weights where no 
loss of weight can be tolerated. 


Properties 


The outstanding quality of zircon- 
ium, after its gas absorption, is its 
resistance to corrosion. With the ex- 
ception of hydrofluoric acid, most 
common acids and alkalies have little 
or no effect upon the metal. Atmos- 
pheric exposure does not cause cor- 
rosion, nor does the ordinary indus- 
trial atmosphere tarnish or discolor 
the bright surface of the material. 

At room temperature, zirconium is 
moderately strong. However, strength 
falls off rapidly at elevated tempera- 
tures. This fact is true despite a melt- 
ing point of approximately 3300 F. 
Annealed zirconium has an ultimate 
strength ranging from 34,000 to 
45,000 psi. and a yield strength rang- 
ing from 11,000 to 20,000 psi. With 
a specific gravity of 6.53 g./cc., zir- 
conium is lighter than iron and steel, 
and heavier than titanium. 

Accompanying tables give the 
properties expected in the pure iodide 
type zirconium produced today. 

Although zirconium work hardens 
rapidly, it has great work capacity 
and can be cold rolled and drawn. 
Because of its gas sensitivity the 
metal must always be annealed in a 
vacuum. It can be welded by the 
inert gas welding process without the 
use of filler metal. Machinability of 
zirconium approaches that of brass. 
Experience gained up until now 
Shows that zirconium will seize in 
wire forming dies, so special wire 
drawing procedures have been de- 
veloped. 

Currently, iodide zirconium is be- 
ing produced as wire and in sheet, 
bar and rod in the following sizes: 
swaged bars—approximately 1- to 
1-in. dia. by 3 to 6 ft. long; sheet— 
2 to 4 in. wide by 8 to 16 in. long 
and 0.002 to 0.010 in. thick; wire— 
0.003- to 0.040-in. dia. 


Crystal bars of zirconium obtained by 
iodide process. All forms and shapes are 
produced from such bars. 


Physical Properties 





Melting 
Temperature 

Specific Gravity 

Specific Resistance 


(OC) 


3375 F 
6.53 g/cc. 


0.512 x 10° 
ohm-cm, 
Linear Coefficient 
of Thermal 
Expansion 


49.6x 10° 
deg. C 


in./ fin./ 


Transformation 


Temperature 1584 +9 F 











Average Mechanical Properties 


(lodide metal vacuum annealed 1350 F 





Ultimate Strength, Psi. 

Yield Strength, Psi. 
(0.2%) 

Reduction in Area, % 

Elongation 

Modulus, Psi. x 10° 

Rockwell Superficial 
Hardness 


34,000-45 ,000 


11,000-20,000 
25-45 
28-40% 
9.0-12.0 


30T—46 to 59 











Corrosion Resistance 
(At 212 F) 





Media 


| 


———- 


Corrosion Rate In. Penetration per Year 





10% Sulfuric Acid 

Conc. Hydrochloric Acid 

Conc. Nitric Acid 

10% Phosphoric Acid 

10% Sodium Hydroxide 

10% Potassium Hydroxide 

20% Sodium Chloride 
Hydrofluoric Acid (All Strengths) 
10% Citric Acid 

10% Oxalic Acid 





0.0007 

0.0002 

0.00005 

0.00005 

0.00002 

No appreciable attack 
No appreciable attack 
Rapidly attacked 
0.00002 

0.00004 








by 0.5 by 0.005 in. 
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lron-Base Heat Treatable Alloy 


Has Good High Temperature Strength 


Originally designed for gas 

turbine disks, Discaloy has 

found use for many other 

high and room tempera- 
ture applications. 


e@ IN RECENT YEARS, the aviation 
gas turbine industry has made real 
progress along the lines of improved 
performance, greater efficiency and 
longer life of jet engines that power 
modern military aircraft. The develop- 
ment of new and improved alloys 
capable of withstanding high service 
temperatures and stresses for extended 
time periods has greatly contributed 
to this progress. One of the latest 
alloys which falls in this category is 
Discaloy, produced by Westinghouse 
Electric Corp. 

Discaloy was originally designed to 
meet the need for improved gas tur- 
bine disks, one of the most critical 
components of jet engines. It has 
exceptionally high creep strength, 
combined with good ductility and ex- 
cellent oxidation resistance in the 
temperature range 1000 to 1350 F — 
the range in which gas turbine disks 
operate. The alloy’s high resistance to 
plastic flow has made it possible to 
materially reduce the weight of gas 
turbine disks, and thus improve the 
performance and efficiency of jet en- 
gines without sacrificing life. Other 
features make the alloy not only out- 
standing among competitive disk al- 
loys, but also useful for a variety of 
both low and high temperature appli 
Cal ns. 

Uiscaloy is an iron-base alloy con- 
sisting of about 55% iron. It contains 
none of the relatively scarce and 
Strategic elements —columbium, co- 
balt and tungsten. But its combination 
. ca strength and ductility in the 

aperature range 1000 to 1350 F is 
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by E. F. LOSCO, Materials Engineering Dept., Westinghouse Electric Corp. 


Shown here are several sizes of high-strength, nonmagnetic retainer rings fabricated from 
Discaloy by mandrel forging or rolling. 


comparable to, and in many cases sur- 
passes, that of several heat resistant 
alloys much higher in alloy content. 
Nominal composition is given below: 


ge BOR 6” aot eae 54.0% 
SR a SR ee 26.0% 
Chromium ....... 13.5% 
Molybdenum .... 3.2% 
(i, ere 1.6% 
Manganese ...... 0.7% 
RL to is 8 en 0.8% 
Aluminum ...... 0.1% 
Rahs a earattan 0.03% 


With the exception of Discaloy, 
all commercial alloys that are present- 
ly used for aviation gas turbine disks 
depend on cold work for their 
strength. Discaloy, on the other hand, 
derives its strength through heat 
treatment. This makes it possible to 
attain uniform properties in various 
sections of forgings despite wide 
variations in size and shape. It has 
permitted the establishment of guar- 
anteed minimum strength properties 
considerably higher than those speci- 
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Fig. 1—Graph gives short-time tensile prop- 
erties for a Discaloy gas turbine disk 
forging. 


fied for disk alloys that rely on “hot 
cold work” to develop high strength. 

Attainment of properties through 
heat treatment rather than cold work 
has other distinct advantages. It sim- 
plifies the forging operation, since 
working can be carried out at relative- 
ly high temperatures where form- 
ability is high. Smaller size forging 
equipment can be used to fabricate 
parts that normally require much 
larger equipment when made from 
non-heat-treatable alloys. Large forg- 
ings having intricate shapes can be 
fabricated with relative ease in closed 
dies with attendant savings in ma- 
terial and machining costs. For “hot 
cold work” alloys, on the other hand, 
the amount of contouring that can be 
done is limited to simple shapes even 
when the largest available forging 
hammers are used. 


Applications 


Discaloy is suitable for many appli- 
cations where high strength is re- 
quired at all temperatures up to 
1350 F. Its uniformity of properties, 
forgeability, and machinability make 
it especially desirable for large forg- 
ings having complicated shapes. Its 
low magnetic permeability, coupled 
with high strength and oxidation re- 
sistance, permit its use in many appli- 
cations where magnetic alloys, of both 
low and high alloy content, cannot be 
used without serious losses in equip- 
ment efficiency and performance. 

The alloy is used for many gas tur- 
bine components where stability un- 
der high stresses and temperatures 
are prime requisites. These include 
disks, bolts, couplings, spacer rings 
and extension pieces. Discaloy in the 
form of sheet is now being consid- 
ered for other components of gas 
turbines. Steam turbine components, 
such as throttle valves that operate at 
temperatures up to 1050 F, have also 
been made from the alloy. 
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Discaloy is used in turbo generator 
rotors and other electrical equipment 
such as coil retaining rings that re- 
quire high strength as well as non- 
magnetic characteristics. By replacing 
the formerly used high-strength mag- 
netic steels with this alloy, power 
losses have been reduced and efficiency 
improved. Because of the relative ease 
of fabrication and machining, this 
application of Discaloy has simplified 
manufacturing operations and reduced 
costs. Retaining rings up to 27 in. dia., 
weighing approximately 700 Ib., have 
been made. Larger rings can be made 
and are contemplated for newly de- 
signed power units. 

Extrusion dies made from Discaloy, 
slightly modified in composition to 
produce exceptionally high hardness 
and strength, have, in some instances, 
replaced high alloy tool steels because 
of longer life and greater wear resist- 
ance. Hot work tool steel dies — 15 
tungsten, 3 chromium, 0.5 vanadium 
and 0.5% carbon — formerly used to 
extrude Phos-Copper wire at 1050 F 
would fail by cracking after 5000 to 
10,000 Ib. of wire had been extruded. 
These dies required regrinding, be- 
cause of wear, after extruding 3000 |b. 
of wire. In comparison, Discaloy dies 
now used for this application have 
extruded over 30,000 Ib. of Phos- 
Copper wire with approximately one- 
fifth the wear and are still in operation 
without a single failure. Because of 
the greater stability of the alloy at 
elevated temperatures, it has been pos- 
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sible to increase the extrusion tempe;. 
ature from 1050 to 1275 F. After more 
than 2000 hr. at the higher extrusion 
temperatures, the Discaloy dies haye 
shown no loss in hardness or strength 
High-strength Discaloy has als 
used as a spring material x 

room temperature and slightly ele. 
vated temperatures. Belleville springs 
made from this alloy have been sub. 
stituted for 17 chromium, 7% nickel 
cold-worked stainless steel springs in 
mercury-arc rectifiers. Test data indi. 


cate that the spring 


qualities of Dis. 


caloy are equivalent to, or better than, 
those of the cold-worked alloy, and 


service performance 


has been entirely 


satisfactory. The alloy is expected to 
be useful for other spring applica. 
tions in both wire and sheet form at 
temperatures up to 1200 F. 


Properties 


The density of Discaloy is 0.287 
lb. per cu. in. and its melting range 
approximately 2550 to 2600 F. Its 
magnetic permeability is 1.008, com- 
parable to that of annealed stainless 
steels; this remains essentially con- 
stant despite drastic cold work, ex. 
tended holding times at elevated tem- 
peratures, or cooling to liquid helium 
temperatures. Discaloy is completely 
austenitic under all conditions of 


fabrication and heat 


treatment. 


The linear coefficients of expansion, 
elastic moduli, and fatigue properties 


are listed in Table 1 


L+ 
1000F 


Liongation at rupture 


1350 F 


1000 


Rupture Time, Hr. 


for a wide range 


Figs. 2 & 3—These stress-rupture and creep curves apply to gas turbine disk forgings. 
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of temperatures. The values given are 
for material machined from fully 
heat-treated gas turbine disks and 
are representative of the alloy. The 
low coefficients of expansion are im- 

rant in minimizing stresses in 
parts subjected to wide temperature 
variations. The high moduli, which 
vary linearly with temperature, indi- 
cate high rigidity at both 70 and 
1200 F. 

The hardness of Discaloy in the 
solution heat-treated condition ranges 
between 130 and 170 Bhn. The hard- 
ness of fully heat-treated material 
depends on hardener (titanium) con- 
rent. For gas turbine disks, the hard- 
ness may vary from 248 to 302 Bhn., 
depending on whether the titanium 
content is on the low or high side of 
the specified range. These ranges of 
titanium content and hardness are 
closely adhered to in gas turbine disk 
forgings in order to realize optimum 
creep-rupture properties. In the case 
of forgings that require exceptionally 
high tensile strength, the hardener 
content is increased. Hardnesses be- 
tween 302 and 400 Bhn. are used for 
such forgings, depending on specific 
property requirements. 

The variation of short-time tensile 
properties with temperature for a 
representative Discaloy gas turbine 
disk forging having a hardness of 
293 Bhn. is shown graphically in Fig. 
1. The room temperature ultimate 
strength is 145,000 psi. At 1200 F it 
is well above 100,000 psi. The yield 
strength at 0.2% offset decreases 
gradually with temperature, being 
well over 85,000 psi. at 1200 F. Duc- 
tility, as indicated by elongation 
values, is close to 20%, and remains 
high over the entire service tempera- 
ture range. 

Variations in tensile properties in 
different sections of a given forging 
are small, but some variations must 
be expected in forgings made from 
different heats. Statistical analysis has 
shown that about 95% of the heats 
processed into gas turbine disk forg- 
ings will have tensile strength over 
130,000 psi., a 0.2% yield strength 
over 85,000 psi., and elongation over 
15%. These are considered minimum 
tensile properties, and are specified 
and guaranteed for the forgings. Aver- 

values are 136,000 psi., 95,000 

ind 20.5% for tensile strength, 
yield strength and elongation, 

ively. 
rgings requiring high tensile 

gth combined with low magnetic 
permeability have been fabricated 
material having a hardness range 
Of 521 to 363 Bhn. The 0.2% yield 
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Discaloy die and plunger are used for extruding Phos-Copper wire at temperatures of 
1200 to 1275 F. 


Table 1—Properties of Discaloy at Various Temperatures 























Linear Coefficient 
of Thermal Expan- | Tension Modulus Fatique Strenath. Psi.” 
Temper- sion (In./In./ of Elasticity, al Neal 
ature, F deg. F)* 10° Psi. 10° Cycles 10° Cycles 
70 8.4 28.4 67,000 56,000 
200 8.5 27.6 — — 
400 8.7 26.4 — — 
600 9.1 25.0 “= -— 
800 9.4 | 23.5 —_ —_ 
1000 9.5 22.3 — — 
1200 9.6 21.0 59,000 50,000 
1350 9.8 20.0 — —~ 
1 Coefficients are for temperature range from 70 F to temperature indicated 
2 Cantilever test bars subjected to repeated bending at a frequency of 7200 cycles per min. 


strength of this material is specified 
as 125,000 psi. minimum at 500 F. 
Values as high as 140,000 psi. have 
been obtained at this temperature 
with ultimate strengths of 160,000 
psi. and elongations of 10 to 15%. 
As was shown for gas turbine disk 
forgings, the high yield strength does 
not markedly decrease until tempera- 
tures above 1200 F are reached. 

Stress-rupture and creep properties 
of Discaloy are illustrated in Figs. 2 
and 3. Hardness of these disk forgings 
was 293 Bhn., and the close fit of the 
plotted points to the average curves is 
indicative of the high degree of uni- 
formity of creep-rupture properties. 
Ductility, which is necessary in gas 
turbine disks to give warning of im- 
pending failure, is considered to be 
entirely adequate. 

In the case of gas turbine disks, 
creep-rupture properties for time pe- 
riods up to 500 or 1000 hr. are of 
prime importance. The creep rate 
must be low at design stresses to avoid 
interference of assembled blades to 


covering shrouds. The high creep re- 
sistance of Discaloy is illustrated by 
the results of a test run at 1200 F and 
35,000 psi. Under these conditions 
the minimum creep rate was 1.11 x 
10-*% per hr. At 1000 hr. the total 
creep strain was only 0.21, the test 
being stopped at the end of 3839 hr. 
when the total creep strain was 
slightly over 2.0%. 

The distribution of creep-rupture 
properties in disk forgings made from 
different heats has been established on 
the basis of tests conducted at 1200 F 
and 60,000 psi. The average rupture 
time and elongation are 22.0 hr. and 
7.8%, respectively. Minimum speci- 
fied and guaranteed values are 10.0 hr. 
and 5.0%. 

Another factor of prime importance 
in gas turbine disks is the sensitivity 
of the material to stress concentra 
tions produced by drilled holes and 
small radii such as those machined at 
the disk periphery for attaching 
blades. Comparison of the creep-rup- 
ture strength of notched and un- 
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Machining operations on this pinion forging were performed on fully hardened Discaloy 


notched Discaloy bars indicates that 
the alloy is unusually strong in the 
presence of notches. Creep-rupture 
strength is actually raised at both 
1000 and 1200 F when notches hav- 
ing a stress concentration factor of 
3.9 are machined in specimens. 

Notches also tend to raise the 
short-time tensile strength of Disca- 
loy. Tensile tests on bolts indicate 
that failure takes place in the threads 
and that the room temperature yield 
strength at 0.2% offset, based on the 
area at the base of the threads, is 
above 110,000 psi. This is consistently 
higher than that obtained for un- 
notched bars. Considerable deforma- 
tion, indicating substantial ductility, 
is observed in the threaded area after 
test. 

The oxidation resistance of Disca- 
loy at 1500 F is comparable to that 
of K42B and Refractaloy 26. These 
alloys, which are cobalt-nickel-chro 
mium base, contain about 20% chro- 
mium and are used for service appli- 
cations involving temperatures 
considerably higher than those recom- 
mended for Discaloy. At tempera- 
tures above 1500 F, the latter alloys 


are more resistant to oxidation, but 
below this temperature all three al- 
loys show negligible attack. At 1500 
F, for example, the depth of oxygen 
penetration of Discaloy heated in air 
for 500 hr. is about 0.00005 in. At 
temperatures up to 1350 F only slight 
discoloration is observed for pro 
longed heating times. The alloy will 
not scale at forging temperatures as 
high as 2150 F. 


Fabrication, Heat Treatment 


The forging characteristics of Disc- 
aloy have been compared with those 
of medium-carbon steel, 18:8 stain- 
less steel and K42B under controlled 
test conditions. Sample bars of each 
material were upset under a 1000-lb. 
steam board drop hammer and the 
change in height measured for single 
hammer blows at a series of tempera- 
tures. By plotting the change in 
height versus temperature the relative 
forgeability of each material was es- 
tablished (see Fig. 4). 

Discaloy, because of its higher 
strength at elevated temperatures, is 
more resistant to deformation than 


with standard tools and equipment. 


medium-carbon or 18:8 stainless steel 
Compared to K42B and similar heat 
resistant alloys, it is much easier to 
forge and is less susceptible to crack- 
ing. Its forgeability rises rapidly at 
temperatures above 1800 F, and a 
2150 F it is about equal to that of 
18:8 stainless steel at 1970 F. 

Discaloy can be forged over a wide 
temperature range, 1600 to 2300 F. 
Because of its relatively high form- 
ability, however, it is not necessary to 
employ extremely high temperatures 
The recommended hot forging range 
is 1800 to 2150 F. The upper part o! 
the range is used for initial operations 
on large forgings while the lower 
part is used for final operations and 
for small sections. Hot rolling is cat- 
ried out in the same temperature 
range. 

The relatively high degree 0! 
formability of Discaloy is reflected 10 
the numerous methods used to fabri- 
cate parts. Gas turbine disks of rela 
tively small diameter are upset forged 
into pancake shapes and the final 
disk configuration is machined from 
the pancake. Relatively large diametet 
disk forgings have also been made 
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in this way. When the latter entail 
considerable machining to produce 
an intricate shape, pancake forgings 
result in material waste, and contour 
forging in closed dies becomes de- 
sirable. Under emergency conditions, 
when forging costs are secondary to 
the saving of even the less critical 
alloying elements, high-strength al- 
loys that are capable of being contour 
forged to intricate shapes take on 
added importance. 

Another method of fabrication 
that has been used to save material 
and cut down machining costs is tire 
rolling. This method has been suc- 
cessfully used to fabricate seamless 
rings of various sizes and shapes. 
Tire rolling of Discaloy is performed 
at elevated temperatures where form- 
ability is relatively high. Rolling of 
rings, which has distinct advantages 
over mandrel forging, cannot be em- 
ployed for alloys which require cold 
work to attain high-strength proper- 
ties. Rings can be tire rolled much 
closer to finish machined dimensions 
than is possible by mandrel forging. 
To a limited extent, flanges and other 
projections can be tire rolled as an 
integral part of the ring. Such changes 
in cross sections are impractical for 
mandrel forgings, which must be 
machined with considerable metal 
loss. Tire rolling has another advan- 
tage in that the metallurgical struc- 
ture of the part is improved by locat- 
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ing flow lines in the most desirable 
direction. This is also true of contour 
forging. 

For small parts, production costs 
can be appreciably reduced and ma- 
terial savings realized if cold-forming 
Operations can be substituted for 
machining. This can be done in the 
case of Discaloy bolts and studs. Bolt 
heads are upset at room temperature 
using cold-drawn bar stock as a start- 
ing material. Threaded sections of 
bolts and studs are cold rolled. After 
heat treatment the strength proper- 
ties of these bolts are high and uni- 
form. 

All types of machining operations 
can be performed on Discaloy using 
standard high-speed steel and cast 
alloy cutting tools. Cemented carbide 
tools have also been used, but in most 
Cases are not necessary. Final machin- 
ing is usually done when the material 
is in the fully hardened condition to 
obtain a smooth surface. Such difficult 
operations as drilling, milling and 
broaching are performed on a produc- 
tion scale with relative ease. Longer 
tool life and more rapid machining 
will be realized for hogging cuts 
greater than 14 in. deep or inter- 
rupted cuts when the material is in 
the as-forged, solution heat treated or 
partially aged condition. Surface 
smoothness, however, is sacrificed if 
machining is done when the material 
is in the soft condition. Discaloy can 


S extension piece is one of many gas turbine components made from Discaloy. 
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Fig. 4—Curves show relative forgeability of 
various materials as affected by tempera- 
ture. 


be readily cut in either the soft or 
hard condition with abrasive wheels, 
power hack saws or, in the case of 
sections 2 in. or less in thickness, with 
band saws. 

Experience in production welding 
of Discaloy is limited. Where welding 
has been used, however, no unusual 
difficulties have been encountered. 
Discaloy rods up to 1.0-in. dia. have 
been flash butt-welded successfully to 
SAE 4130 steel. Discaloy sheets have 
been joined successfully by spot, 
seam and inert-arc welding. Experi- 
ments are now under way to obtain 
more complete welding information, 
especially as it applies to the proper- 
ties of welded sheet. 

Discaloy is heat treated in two 
separate operations. The first in- 
volves solution treating by holding 1 
to 2 hr., depending on the size of the 
part, at 1800 +25 F followed by oil 
or water-quenching. This treatment 
places the hardening constituent in 
solid solution and relieves all prior 
working stresses. In this condition the 
material is quite soft, 131 to 170 
Bhn., and amenable to forming and 
other operations. The second opera- 
tion involves precipitation hardening 
or aging. The material is held 20 hr. 
at 1350 +15 F, furnace cooled to 
1200 +15 F, and stabilized by hold- 
ing 20 hr. at the latter temperature. 
This heat treatment results in full 
hardness that is dependent, as previ- 
ously indicated, on hardener content. 
When fully heat treated, the hardness 
and strength properties of Discaloy 
are stable over the entire service tem- 
perature range. 




















Materials at Work 


Here is materials engineering in action... 
New materials in their intended uses .. . 


ALUMINUM CROSSARMS = What is 


believed to be the first installation of alu- 
minum crossarms on standard steel trans- 
mission towers has been completed on the 
Duquesne Light Co.'s Phillips-North line 
near Ambridge, Pa. Approximately 24,000 
lb. of Alcoa aluminum alloy 61S-T6 struc- 
tural angles were used for the crossarms on 
14 suspension and seven strain towers. Be- 
cause of the alloy’s excellent corrosion re- 
sistance, it was not necessary to apply a 
protective coating to the crossarms, thus 
eliminating the usual shut-down of the line 
for painting. (Courtesy Aluminum Co. of 
America) 


PLASTIC TUBING This array of plas- 


tic tubing and rods produced by Plax Corp. 
represents only one of the many uses of 
KEL-F, a fluorocarbon-type plastic. KEL-F 
is available from M. W. Kellogg Co. in both 
high and low density molding powder, and 
in the form of oils, greases and waxes in 
addition to the plasticized form. Retaining 
satisfactory properties over a wide (-320 
to 390 F) range, this versatile plastic has 
been used to coat wire, for gaskets, valve 
diaphragms, collapsible bags, condenser foil 
and a wide variety of other applications in 
the chemical and electrical industries. 


Older, basic materials in new applications ... . 





STEEL-HUBBED ALUMINUM GEARS = An aW- 


minum body with a bonded-in steel hub makes this 
Chevrolet camshaft timing gear lighter and quieter in 


operation than molded resin or fiber gears, but able to 
withstand much heavier loads. Made of an aluminum 
alloy bonded to steel with a molecular process devel- 
oped by the Al-Fin Div. of the Fairchild Engine & Air- 
plane Corp., these gears have a tensile strength of 
15,000 psi. The bond has remained intact in shear 
tests up to 98,000 psi. 





CAST STEEL BENTHOSCOPE Otis Barton, Boston scientist, 


has undertaken mile-deep undersea explorations in this odd-looking, 
cast steel diving bell. The giant bell, called a benthoscope, is de- 
signed to withstand pressures beyond 3000 psi. and to descend to a 
depth of at least 6000 ft.—with theoretical safety factors down to 
10,000 ft. Cast in an alloy steel having a tensile strength of 90,000 
psi. and yield point of 70,000 psi., heat treated, the benthoscope 
shell and its “manhole cover” were made by Atlas Steel Casting Co. 





TELEVISION MIRROR A Westinghouse Electric Corp. sci- 


entist examines a clear glass sheet destined to become a mirror 
that reflects only one color at a time—red, blue or green. After 
the large wire-enclosed jar (at top) is lowered, sealed and evacu- 
ated, evaporated metal compounds are condensed on the surface 
of the glass. Both the thickness and number of layers deposited 
on the glass determine which color is reflected. The mirrors are 
used at both the transmitting and receiving end of experimental 
color television apparatus. 


LABORATORY DRY BLENDER Cylindrical shells of Plexiglas, 


fused together at right angles to form a V-shaped barrel, constitute 
the basic unit in this new dry blender manufactured for laboratory 
use in the process industries. Design engineers of the Patterson- 
Kelly Co., Inc. selected the acrylic plastic for the barrel because of 
the following desirable features: (1) complete visibility of the blend- 
ing process, (2) lower production costs in forming the plastic, (3) 
freedom from corrosion, contamination and discoloration, and (4) 
ease of cleaning. 
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Felt Has Wide Use as Engineering Material 


This article tells where and how 

felt can be used in industrial 
applications and describes factors 
that must be considered in select- 
ing the proper type and grade. 


It has been pointed out in an earlier 
article that the peculiar properties of 
wool felt make it a useful material for 
a wide variety of engineering appli- 
cations. In that article (MATERIALS & 
METHODs, Aug. 1950, p. 47), em- 
phasis was placed on the general 
characteristics of felt and the physical 
and chemical properties of standard 
types and grades. 

This article will describe the range 
of industrial applications for felt, and 
discuss the factors which should be 
considered in selecting the proper 
felt for a specific use. Applications 
to be covered include polishing and 
grinding, rubbing and wiping, clutch- 
ing and braking, backing and cushion- 
ing, vibration isolation, sealing, wick- 
ing for lubrication and feeding 
liquids, filtering air and liquids, and 
thermal and sound insulation. 


Felt Selection 


The most important thing to re- 
member in felt selection is that the 
felt industry is primarily a custom 
industry. An engineer who knows 
only that some type of felt might 
do the job can be reasonably confident 
that the felt manufacturer will recom- 
mend and produce the proper mater- 
ial for his specific application. In some 
cases the problem will be compli- 
cated enough to require a great deal 
of experimentation in felt research 
laboratories. But the principal uses for 
felt have become so well established 
that, in many cases, the felt manu- 
facturer can supply the correct type 
and grade merely on the basis of past 
experience. 
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Unfortunately, expert advice is not 
always available as quickly as the en- 
gineer needs it; the man who selects 
materials, consequently, must become 
something of an expert himself. The 
information presented in this article 
and the previous one will enable the 
materials engineer to select a suitable 
felt for most routine applications. At 
the same time, the discussion should 
serve as a useful guide to the solution 
of more difficult felt selection prob- 
lems. Wherever possible, however, the 
aid of the felt manufacturer should 
be enlisted. 

In practically every case, the prob- 
lem of felt selection boils down to 
two questions: What density? What 
quality? It is true that for filter felts 
permeability and cost are of primary 
importance, and for wicking uses de- 
livery rate is most vital, but all of 
these characteristics are related to 
density and fiber mix. 

Generally, density is determined by 
the physical properties required. A 
certain amount of resistance to def- 
ormation or a specified absorption 
capacity fix the density. Correct fiber 
mix depends upon several factors. In 
some cases, fibers other than wool are 
used to provide a definite combina- 
tion of physical properties not other- 
wise obtainable. Generally, however, 
the two most important factors are 
chemical purity and cost. Whiteness 
can be achieved only in the highest 
grades, and in food processing ma- 
chinery it is often desirable to have 
a felt with minimum chemical adul- 
teration. For sealing purposes, how- 
ever, high residual oil content would 
obviously be unimportant and lower 


by JOHN B. CAMPBELL, Associate Editor, Materials & 


grades could be used. As to cost, 
need only be said that the higher tk 
percentage of virgin wool, the mor 
expensive the felt. As usual, the m 
terials engineer must hit a satisfactoy 
compromise between best perfom- 
ance and minimum cost. 


Friction Uses 


The hardness and toughness of tie 
denser felts make them good friction 
materials. Thus, felt is particularly us: 
ful in polishing or wiping met 
glass and other materials, and in cer 
tain clutching or braking application 

The type of felt selected for various 
polishing and grinding operation 
varies with the material being worke 
and the severity of service require 
For instance, the removal of rust ai 
stains from saw steel requires ! 
coarse, hard hair felt composed 0 
cattle hair. An equally hard, thoug! 
somewhat less coarse Mexican shee 
felt is used on the Weisbecker m 
chines which polish metal plates. 

Although felted ‘wool fibers 
suitable for polishing under certall 
conditions, in other cases felt whet! 
serve as catriers for liquids in whid 
abrasive substances are suspended 
An example is the Spanish sheet fe! 
strip inserted in a metal channel ant 
used to polish metal cylinders. How: 
ever, most felt wheels are “set UP 
i.e., coated with glue and rolled 
selected grits to provide a permanet! 
abrasive tool. Set-up felt wheels #* 
more resilient than convention 
grinding wheels, such as emery 
carborundum, and, therefore, provide 
more uniform cutting action. Rotatift 
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A lubricated layer of fine wool felt cushions the Plexiglas sheet during vacuum forming in this die. (Courtesy Swedlow Aeroplastics Corp.) 


SS OF the i 
frictio Spanish sheet felt rollers with fine siderable time compared to cotton The choice here is a Spanish or other 
arly ue: Hiipumice are used to polish cutlery. buffs. sheet felt which retains gripping 
metas, MePropeller blade polishing calls for For less severe polishing operations characteristics when wet. 
| in cet MiMprecision work, and an extra-hard and various wiping jobs, less dense 
ications BMexican sheet felt is used as a base felts are required. Wiping brass or Cushionin 
' Variols BBtor carborundum abrasives. steel strip free of grease and dirt calls B 
eration Glass polishing involves a phenom- for a hard, durable material, but ‘not Everyone is familiar with the use 
WOK! enon somewhat different than the necessarily as coarse as a polishing of felt in packaging such items as 
equitte cutting down” in metal polishing. grade. Usually a medium-weight grey chinaware, radios and precision equip- 
rust a0 he polishing wheel develops enough sheet felt or a back check is used. Back ment. Felt is easily molded to fill in 
ulres ‘Mfrictional heat over a rather limited checks are common for many of these recesses, and it protects corners and 
osed ( MiMarea of contact to cause kneading and wiping operations, typical applica- highly polished surfaces. In packaging, 
thoug! Misurface flow of the glass, completely tions including: cleaning chromium low-cost cotton-mixed linings and 
in shee shealing scars of minute depth. Thick plate in automotive grills, which is soft pads are used, but a wide variety 
ker i felt mounted on wheel surfaces is often contaminated with body paint; of felt materials are used in other 
tes. sed to eliminate defective scratches cleaning metal strips prior to plating, | cushioning applications, depending 
ets Eeee® plate glass; special scratch wheel as in the silver plating of cutlery; and upon the particular conditions in- 
certill Miidensities are available in either Span- cleaning out tubing by means of felt volved. 
whees ish or Mexican grades. Production plugs lubricated with wax compounds A special line of “window channel” 
n whid Polishing of plate glass calls for a and blown through by compressed air. _ felts has been developed for automo- 
pendet hard, coarse hair felt which absorbs There are other frictional uses for tive uses and for store fronts, lamp 
eet o and holds rouge polishing compounds felt. For instance, felt facings are often rims, etc. In automobiles, felt quality 
nel a0 Rand has long life. used as clutches for changing speeds, must be such that the vinyl sheet in- 
S sat In lishing methyl methacrylate providing cushioning and smooth, serts of safety glass are not stained, 
set ul plastic Plexiglas, Lucite),:a fine silent operation. This service requires and the felt must have a low co 
7 Biber felt is needed for a scratch-free a medium-weight grey sheet felt efficient of friction, wet or dry. Some- 
a sh, and the slightly softer back which resists surface glazing. Back times channel felts require special 
eels vi Mgeeeccks are preferred over sheet felts. | checks are used as “tensioning” sur- impregnations. Another common use 
| rye veal heels, used with glass-produc- faces for cloth or thread windings. for felt in automobiles is in non- 
to ne Po hing compounds on umbrella Felt rolls are also used to grip skins squeak washers or strips between 
‘ane andles and novelties, have saved con- in stretching or smoothing of leather. chassis and body. Soft pads are used, 
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Felt composed entirely of natural white 

wool is specified for this compact engine 

oil filtration unit manufactured by General 
Filters, Inc. 


sometimes with special impregnations 
for moisture resistance or other prop- 
erties. 

The particular requirements of 
cash carrier heads have also resulted 
in a special line of materials designed 
for this use. Not only must the felt 
act as a bumper to absorb shock but 
as a washer to seal against loss of air 
pressure in the tubes. A firm felt with 
good splitting resistance, long life and 
dimensional stability is required. 

Undoubtedly one of the most im- 
portant cushioning applications of 
felt is vibration isolation. Felt can be 
used to absorb some of the impact of 
punch presses and drop hammers or 
the vibration of textile looms and 
printing presses. It can also be used 
to protect delicate machinery and in- 
struments from the effects of vibra- 
tions present in manufacturing build- 
ings. 

Several felt manufacturers have 
made detailed studies of vibration 
isolation. A typical selection guide, 
based on felt 1 in. thick, is given 
below: 


Load, Pz. 
1-6 
6-12 

12-25 
Over 25 


Although this guide can be used for 
most applications, If} unusual cases if 
is suggested that these general recom- 
mendations be checked by theoretical 
design formulas and actual computa- 
tion. Such data are available from the 
felt industry. 


Felt Type Density 
F-1] 18 
F-6 26 
F-2 34 
Hair 55 


Felt is used in the cowling support rings of this airplane engine installation. | 


dampens vibration and keeps metals from wearing against each other. 


Sealing 


In sealing applications felt serves 


one or both of two purposes: (1) to 
retain oil or grease, and (2) to ex- 
clude dust, fumes and moisture. In 
general, felt can be used for operating 
temperatures from ~—60 to 250 F 
where peripheral shaft speeds do not 
exceed 2000 fpm. 

Felt is a good sealing material pri- 
marily because of its resiliency, low 
coefficient of friction and high liquid 
absorption capacity. Resiliency en- 
ables it to maintain constant sealing 
pressure regardless of wear or end- 
play and minor misalignment in a 
shaft. The coefficient of friction, 
which averages 0.22 for dry felt 
against steel, is reduced to 0.15 when 
felt is pre-saturated with oil of 41.2 
Saybolt viscosity. Oil storage capacity 
varies with both felt density and oil 
viscosity; for any given oil, of course, 
absorption lower for 
denser felts. 


Capacity 1s 


There are two broad types of seal- 
ing felts—plain and laminated, either 
of which can be impregnated. Usually 
both types of material are presaturated 


(Courtey 
The Felt Assn.) 


with a lubricant of slightly great 
viscosity than that used in the bear 
ing. Thus, not only does the seal pm 
vide positive bearing protection, bit 
it also serves as a reservoir for exces 
lubricant, making it available @ 
needed. If the seal is run dry, it tend 
to polish rather than score the shalt 
and it never completely fails througi 
aging, embrittlement or disintegtt 
tion. 

Under normal bearing tempett 
tures and operating conditions, i 
plain felt seal is highly economic 
and need be replaced only when tt 
machine is corapletely overhaulet 
However, plain felt is not recom 
mended for oils of extremely lof 
viscosity mor to retain pressuriaet 
lubricants. For such applications, lait 
inated felts, or sometimes impit{ 
nated felts, should be considered. 

The laminated felt seal consists @ 
plain felt covered by an impervidl 
membrane of 1/64- to 1/32-in. she 
Hycar or other oil-resistant elastome 
The rubber covering prevents leakaft 
y lubricants. Multiple 
laminations can be built up fo! speci 
uses; for instance, the rubber mee 


of low-viscosity 


MATERIALS & METHOM 





brane mi ween 
different felts—one to retain oil, the 


other to exclude dust. Laminated seals 
are used successfully on front wheel 
hubs, rear axles, rear crankshaft, uni- 
yersal joints and on propeller shafts. 

Special properties can be obtained 
by impregnation. For instance, leak- 

of pressurized lubricants or entry 
of water and mud can be prevented 
by impregnations with paraffin, petro- 
latum and graphite. 

Although many impregnated felt 
sealing materials are specified indi- 
yidually for particular end use re- 
quirements, certain materials have 
been pretty well standardized. This 
is especially true of those seals con- 
sisting of felt impregnated with nat- 
ural rubber or a synthetic elastomer. 
Controlled ratios of felt fiber to im- 
pregnant make these materials posi- 
tive-sealing but self-lubricating, useful 
for packing washers or heavy-duty 
bearing seal applications. Impreg- 
nants used, in addition to natural 
rubber, include Hycar, Neoprene and 
Buna S. The choice, of course, de- 
pends on the particular chemical con- 
ditions encountered. 


ghe be used between two 


For plain or laminated felts, not 
impregnated, it is possible to outline 
the selection of felts for various serv- 
ice conditions. When shaft speeds ex- 
ceed 1000 fpm., dimensionally stable 
Fl, F2 and F3 are recommended for 
washers used on pumps, shafts and 
wheel bearings. The first two, charac- 
terized by high density, low perme- 
ability and maximum _ cohesive 
strength are specified for difficult oil 
or grease retaining conditions. Under 
less critical conditions, F5 or FG are 
most satisfactory, and for shaft speeds 
below 750 fpm., F10 or F11 can be 
used. Dust exclusion seals for journal 
speeds over 1000 fpm., such as those 
used in automotive wheel bearing 
assemblies, are made principally from 
F7, and for lower speeds from F11, 
F13 and F15. Ball bearing seals re- 
quire a precision type equivalent to 
F50. 


Wicking 
Automatic feeding of oil to a bear- 
ing by means of felt rods or pads is 


known as wicking. However, there are 
several ways in which this can be 


Final finishing operations on this glass are performed on a felt polishing wheel. (Courtesy 
The Felt Assn.) 


done, and the installations can be 
classified as follows: bottom wick 
oilers, syphon wick oilers, absorbent 
or pad feed oilers, and top feed oilers. 
The syphon and pad feed lubricating 
systems are most widely used, but 
bottom wick oilers are generally con- 
sidered most efficient, as they allow 
return of unused oil to the reservoir. 
In top feed oilers, where the wick ex- 
tends down from the bottom of the 
reservoir, the wick serves as a partly 
controlled obstruction. Before installa- 
tion, all wicks are saturated with oil 
of the grade to be used as a lubricant. 

In every case the wick material 
must have high absorption capacity 
and capillarity. Other factors must be 
considered in selection, however; 
these are porosity, filter efficiency, 
density, size, fiber quality and acid 
neutrality. Careful control of chemical 
properties is necessary to prevent cor- 
rosion of adjacent metal or cracking 
of lubricants. It is important to have 
a highly cohesive material constructed 
from fibers of medium to long length 
and having low residual ash content to 
minimize glazing or scoring. This 
prevents fiber disintegration and sub- 
sequent clogging of the lubricating 
points. 

From a design viewpoint, the felt 
qualities of interest in wicking are 
three: absorption capacity, wick-rise 
rate and wicking distance. 

As would be expected, the absorp- 
tion capacity of felt increases in di- 
rect inverse proportion to density. 
Both wick-rise rate and wicking dis- 
tance increase with density and are 
inversely proportional to oil viscosity. 
Wick-rise rate and wicking distance 
are independent of wick size or cross- 
sectional area; this makes it possible 
to design wicks to obtain a predeter- 
mined rate of oil delivery. Thus, for 
a given wicking distance, the delivery 
rate is the product of wick-rise rate 
and cross-section area. Bottom wicks, 
though limited in wicking distance to 
a maximum of about 6 in., provide 
the greatest delivery rate within this 
distance. Charts are available show- 
ing the relationships among wicking 
distance, wick-rise rate and oil vis- 
cosity for different felts. Fairly precise 
formulas are also available for calcu- 
lating the necessary wick area from a 
knowledge of lubrication require- 
ments and the density, wick-rise rate 
and absorption capacity of the felt. 

Ideally, selection of the proper 
wick felt for any individual applica- 
tion is best determined by an actual 
performance test, but certain gen- 
eralizations can be made. If the wick 
is to be used in a bottom or syphon 
feed system, or if a round drilled 

















wick is needed, a high-density stand- 
ard wick felt having maximum wick- 
rise rate and wicking distance is 
recommended. These requirements 
are met by FI or other back check 
grades. For punched wicks in short 
lengths, sheet felts of comparable 
density (16S grades) are sometimes 
used. If, on the other hand, the felt 
is to be used as a saturated reservoir 
within an enclosed bearing or journal 
box, or as an absorbent pad or strip 
oiler, a low-density standard wick felt 
with maximum absorption and stor- 
age Capacity is recommended. Here, 
the firm pad and extra firm pad 
grades, characterized by F10 and F5, 
are used. For thin reservoir retainers 
in enclosed bearings which require 
high dimensional accuracy, ball bear- 
ing felts (F50) are sometimes used. 

Besides lubrication applications, 
wicks are also used to feed water, ink 
and other process fluids in automatic 
printing equipment, numbering ma- 
chines and postage meters. Back 
checks are used for ink rollers in 
automatic cancelling and recording 
machines and for pads to deliver 
solvent to the master roll of dupli- 
cating machines, where firmness and 
dimensional stability are important. 
A tape-moistening wick, on the other 
hand, can be relatively soft and a 
firm pad is used. Wicks can also be 
impregnated with grease, glycerine, 
graphite, tallow, hydrogenated and 
sulfonated oils, silicone greases and 
wax for self-lubricating parts in me- 
chanical movements. 

In certain cases it is not possible 
to secure the desired wicking char- 
acteristics with wool alone. In a 
gasoline stove, for instance, a cotton- 
mixed soft white pad is used to siphon 
feed gasoline from the supply source 
to the pan from which the burner 
wick extends. Another use for cot- 
ton-wool blends is in stamp pads, 
which must serve as both reservoir 
and wick. Materials for such appli- 
cations have been standardized and 


are called stamp pad felts. 


Filtering 


As a medium for mechanical filtra- 
tion of air, gases and liquids, felt 
offers controllable permeability and 
particle retention efficiency. In addi- 
tion, wool is nonreactive to many 
chemical agents and felt can be made 
chemically neutral and sterile. Thus, 
felt filters can be used in the prepara- 
tion of industrial chemicals and elec- 
troplating solutions, as well as for 
nutrient broths and fruit syrups. 

Long experience in designing filters 
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for specific needs has resulted in a 
more or less standard line of filter 
felts, each grade being particularly 
adapted to a certain type of service. 
These filter felts range in air per- 
meability from 2 to 280 cu. ft. per 
min. per sq. ft. surface area based on 
a 0.5-in. water pressure drop. Some 
are entirely wool, but others are mixed 
with cotton, either to obtain certain 
filtration characteristics or to cut ma- 
terial costs where long use cannot be 
expected anyway. 

Selection of the proper felt for a 
filter involves a careful balance of 
two factors—permeability and par- 
ticle retention efficiency — together 
with consideration of cost and per- 
manence. Not only must the filter 
be tight enough to prevent more than 
a certain maximum amount of im- 
purities from passing through, but it 
must also be porous enough so that 
a certain maximum pressure drop is 
not exceeded. Design tables and 
charts to help reconcile these con- 
flicting variables are available from 
felt manufacturers. As for cost, it is 
clear that a type of service which re- 
sults in rapid clogging of the filter 
generally calls for a low-cost and 
thus expendable filter material. 

In a domestic fuel oil burner, it is 
important that small particles in the 
oil be prevented from plugging up 
the burner. The felt used is a firm 
grey pad which is porous enough to 
keep the filter from plugging up 
quickly and, therefore, lasts a long 
time. Relatively slow flow rates make 
it possible to achieve high particle 
retention efficiency despite the poros- 
ity. A similar use is the recovery of 
contaminated crank case oil in air- 
planes. The somewhat higher flow 
rates employed make it necessary to 
use a finer, firmer back check to ob- 
tain the desired efficiency. 

Where fairly high flow rates are 
required, as in most process equip- 
ment, cotton-mixed felts are gener- 
ally used. In the filtration of latex in 
rubber manufacturing, multiple layers 
of cotton-mixed lining felt are used. 
This low-cost construction makes it 
economically feasible to discard the 
top layer when it becomes plugged. 
Paints and lacquers used in the auto- 
motive industry are recovered by sim- 
ilar filters. More porous materials are 
used in filter bags which remove im- 
purities from food syrups and plating 
solutions, and in filtering nitrocellu- 
lose for photographic film coatings. 

Felts used in filters for air-condi- 
tioning units vary according to the 
particular type of equipment. Throw- 
away filters incorporate cotton, where- 


as more permanent filters may use 4) 
wool in low to medium densiti« 
Bag-type filters with outer cleans 

and blow-back ring permitting Scape 
of air and collection of dust insi 
the bag are used to filter out dug, 
from industrial processes. Since thi 
application requires a felt hay; 

good strength and minimum stretc 
a ball bearing felt is used. 


Insulating 


Felt, being essentially wool, is x 
important insulating material. Hoy. 
ever, even lower thermal co-efficien;; 
are offered by another material proc. 
essed by the felt industry. This my. 
terial, known commercially as Kapok 
is a blend based on a fiber grown oy 
a silk-cotton tree in the tropics. It js 
lighter in weight and includes , 
greater volume of dead air than wo! 
felt. 

Kapok is not manufactured jp 
thicknesses over Y2 in., but layers can 
be built up to obtain desired therm 
coefficients. Thicknesses over 1 in. ate 
proportionally more effective for ther. 
mal insulation but, for sound absorp. 
tion, increases in effectiveness ax 
small and use of thicknesses greater 
than 1 in. is seldom justified. Charts on 
Kapok are available which give the 
thermal coefficients for various thick. 
nesses and the noise reduction co- 
efficients for various frequencies. 

Some applications require felts hay. 
ing greater density, strength and 
wearing quality than Kapok. Standard 
felts used for this purpose include 
F-11, F-15, a hair-modified Kapok, 
F-7 and F-3, in order of increasingly 
higher thermal coefficients. All except 
the modified Kapok are much denser 
than Kapok. Coatings and laminations 
previously described can be used t0 
meet special service conditions. 

The decision between Kapok and 
wool felt, then, depends on weight 
and strength considerations as wel 
as insulating efficiency. Where light 
weight and lowest possible therm 
coefficients are desired, as in airplanes 
and truck bodies, Kapok is used. ln 
weather stripping of doors and wit 
dows where compression is involved 
soft and firm pad felts are used. 
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Mash Resistance Welding Produces Flat Seams in Steel 


by 0. BRONER, Sciaky Bros., Inc. 


@ WHEN MILD STEEL SHEETS are to 
be joined end to end without overlap 
or other protruding metal, they can 
be welded by either the fusion or re- 
sistance welding processes. The elec- 
trical resistance flash-butt welding sys- 
rem is most often used for such appli- 
cations, but has the disadvantage of 
leaving a flash that must be removed 
by grinding or machining. Mash weld- 
ing is a relatively new application of 
resistance welding technique. It makes 
use of either the seam welder or the 
projection type welder, and may some- 
times be a better solution for this 
problem. 

In conventional seam welding, the 
sheets are ordinarily overlapped + to 
1 in., depending upon the thickness 
of the sheet stock being welded. Any 
attempt to reduce this overlap may 
result in sheet deformation and spit- 
ting of the weld metal at the faying 
surfaces. In mash welding the amount 
of overlap is limited to approximately 
14 times the sheet thickness, and the 
welding pressure is increased to ap- 
proximately twice that required for 
conventional seam welding, thus forc- 
ing the plastic metal from an overlap 
of two sheets into a single sheet only 
slightly thickened at the weld joint. 
Because the weld metal is restrained 
at both top and bottom by the elec- 
trode wheels, there is no ejection of 
metal and a minimum irregularity in 
the finished surface at the joint. The 
joint in the as-welded condition is 
Suitable for many purposes without 


further grinding or other finishing 
procedures, 


Weldable Steels 


Mash welding is, therefore, a re- 


| sistance welding method that will pro- 


uce at resistance welding speeds the 
equivalent ef a butt-weld in many 
types of sheet steel applications with- 
out the need for grinding or otherwise 
machining the weld-joint surface. It 
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Joints produced by this relatively new 
technique are suitable for many uses 
without further grinding or finishing. 





Close-up shows cylinder with metal overlap ready for welding. (Courtesy Moloney 
Electric Co.) 


is not generally recommended for the 
joining of gages of steel greater than 
1% in. in thickness, nor for the weld- 
ing of scaly or rusty steel unless pre- 
cleaned, nor for free-machining steels. 
It is not recommended for the low- 
alloy high-strength air-hardening 
steels, unless some provision is made 
for post-heating. This is especially 
true of the air-hardening steels when 
welding is done with a back-up bar 
or mandrel on the underside of the 
work, as the back-up bar acts as a 
chill plate. 

Some stainless steels can be mash 
welded satisfactorily for many pur- 
poses using conventional synchronous 
control with short weld-on and weld- 
off timing. It is difficult to obtain con- 
sistent overlap edge fusion on some 
stainless steels, and for that reason it 


is not generally recommended for 
stainless steel containers used for 
food, dairy products, beverages, etc. 

The stock ordinarily requires no 
special preparation for mash welding. 
When mash welding with a seam 
welder, a constantly rolling pressure 
is applied as the current passes 
through the wheels and the work 
pieces, but when mash welding with 
the projection type “C” frame welder, 
the entire width of the overlap is 
used for application of current and 
pressure, the small amount of overlap 
of the contacting parts serving to con- 
centrate the pressure and current at 
the point of welding. In general, the 
seam welder type of mash welding 
machine is used for joints longer 
than 6 in. 

Overlap of the sheets should be 


77 




















Vertical weld on shell of this transformer 
housing is mash-welded. 


approximately 112 times the thick- 
mess of the stock being welded, but 
when welding very thin stock it is 
necessary to increase the overlap so 
as tO Minimize errors caused by gag- 
ing and/or variation in shear-line. 
After welding, the thickness of the 
welded stock at the weld joint will be 
10 to 15% greater than that of the 
original sheet thickness. 

When mash welding with seam 
welding equipment, the welder may 


be of the: 


1) Wheel to mandrel type, with 
work clamped to the mandrel. 

2) Wheel to wheel, with the work 
held between the wheels and 
clamped to a traveling fixture ac- 
tuated by the friction of the 
rotating welding wheels. 
Wheel to fixture, in which the 
fixture itself serves as the mandrel 
and the wheel holding pressure 
head is driven by a motor-driven 
lead screw, causing the wheel to 
rotate as it traverses the length of 
the weld joint. 


When mash welding on the pro- 
jection type “C” frame welders, the 
work is firmly clamped to the lower 
die, and the upper die descends to 
apply heat and pressure, as in conven- 
tional projection welding, to weld the 
complete joint all at one time. 

Mash welding can be done on con- 
ventional resistance welding equip- 
ment as described, but special equip- 
ment, designed for specific applica- 
tions, sO as to incorporate the weld- 
ing, gaging and clamping with an 
automatic sequence to obtain the best 
possible results at the highest rate of 
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production, is often used. Most mash 
welders now in service incorporate 
these automatic gaging and clamping 
devices so as to attain the utmost 
efficiency. 

The pressure and secondary current 
required for a given application will 
depend upon the type of material to 
be welded: the thickness, the overlap, 
and the type of underside support. 
Because of its inherent design and 
lack of concentration of heat and 
pressure, the mandrel type equipment 
will not be as efficient as the type 
utilizing electrode wheels for both 
the upper and lower sides of the 
weld joint. 


Typical Applications 


Mash welding can be used to ad- 
vantage in many fields of materials 
processing. The making of cans for 
electrical transformers illustrates how 
mash welding can be used to advan- 
tage. The steel cylinders having longi- 
tudinal joints vary in length from 36 
to 60 in., the thickness of stock vary- 
ing from 0.093 to 0.109 in. These 
cans are now being welded on a pro- 
duction basis on a special seam welder 
having a lower mandrel incorporating 
gaging and clamping devices, and 
with the travel of the upper electrode 
wheel actuated by a motor-driven lead 
screw connected to the welding head 
assembly. 

Other applications for mash seam 
welders include the joining of two 
deep-drawn kitchen sink units so as 
to make a dual sink unit. The metal 
used in this application consists of 
mild steel enameling stock, and the 
joint is approximately 36 in. long. 


This operation is accomplished ¢, , 
mash seam welder, especially 4. 
signed for this particular applicatio, 
incorporating a special lower ,, 
with clamping and gaging device 
and with travel of the dual weld he,; 
assembly actuated by a motor-driye, 
lead-screw attached to a traveling sy} 
frame on which is mounted the dy, 
electrode heads and the welding tray, 
former. On this particular machig 
the series welding principle was ep, 
ployed to simplify the mechanic, 
electrical items of the equipment. 

Another problem for which mys, 
welding provided the answer was jy 
the fabrication of warm air register 
at the Lima Register Co. Here a ppp. 
jection welder was used to join th 
four strips of metal forming the tin 
of the register. The strips were mas 
welded into a single rectanguly 
frame by joining at each of the fo 
mitered corners, then grinding ligh. 
ly at the weld line. When painted 
over, the joints are practically invisi 
ble. After the mitered strips ar 
welded into a single piece, a flange is 
formed around the edges of th 
frame. The metal is 16-gage mili 
steel. Production obtained with ; 
single projection welder is 125 frame 
per hr., or 500 welds at the mitered 
corners each hour of operation. 

Other places where mash weldiny 
can be used to advanitage are in the 
joining of old and new coils in con- 
tinuous lines for tin mills, skelp milks 
press operations, roll forming oper 
tions, as well as in the joining o! 
narrow sheets of steel when the wider 
sheets are unavailable or are econom- 
cally unjustifiable because of premium 
width costs. 


The seam joining the two sections of this duplex sink are mash-welded. 
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em These special sections provide the reader with useful 
It data on characteristics of materials or fabricated 
parts and on their processing and application 
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nomi: . 

miun Heat resistant castings have many important uses in a number of 


fields, including the ore reduction, cement mill, ceramic and glass 
industries, the oil refinery and process industries, and in the steel 
plant and heat treating equipment fields. Their successful application 
in these fields depends to a great extent on selection of the proper 
alloy from among the many that are now available. This manual 

is intended to serve as an aid to proper selection by giving the engineer 
and designer a comprehensive picture of the standard types 

and grades of heat resistant alloys. General composition, high 
temperature strength properties, corrosion resistance, special service 
properties, and processing characteristics of the alloys are all 
covered in detail. In addition, the general types of applications for 
which each grade alloy is best suited are given. 
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Introduction 


In the design and production of an in- 
creasing number of products, engineers and 
designers are confronted with the problem 
of selecting materials to meet high tem- 
perature service conditions. There are a be- 
wildering number of possible compositions 
from which to select, and this frequently 
complicates the task of selection. 

The purpose of this manual is to aid 
in the selection problem by covering in 
some detail one broad group of heat re- 
sistant materials—namely, the heat resistant 
casting alloys. The other broad group of 
heat resistant materials are the wrought 
alloys, which also have wide application, 
and in many cases compete with castings. 
However, due to space limitations they can- 
not be covered here, but will be taken up 
at a later date. 

The heat resistant casting alloys covered 
in this manual are those which are nor- 
mally used either continuously or intermit- 
tently at temperatures above 1200 F. They 
include the straight chromium, iron-chro- 
mium-nickel, and nickel-chromium-base al- 


loys. Although chromium-base, cobalt-base 
and nickel-molybdenum-base alloys also fall 
within this classification of heat resistant 
casting alloys, they will not be covered in 
this manual. Their use is rather limited to 
special service applications. Cobalt-base al- 
loys are used in jet engines and gas tur- 
bines. Nickel-molybdenum-base alloys have 
found some use for certain heat treating 
equipment parts. 

Heat resistant castings must meet two 
basic requirements: (1) they must have 
satisfactory surface stability (corrosion re- 
sistance) in the atmosphere and at the 
operating temperatures to which they are 
subjected; and (2) they must have the 
necessary mechanical properties to meet 
service conditions. At high temperatures 
there are many more operating variables 
than at low temperatures and, therefore, 
selecting a heat resistant alloy that will 
meet these basic requirements in a par- 
ticular application is no simple matter—as 
will be shown in a later section. 

The use of heat resistant castings is wide 
and varied. In the heat treating furnace and 
equipment field they are used as pots for 
molten salt and metal baths; as structural 
parts, such as roller hearths, walking beams 
and chain conveyors; as containers for car- 


burizing and annealing; and for 4 mak; 
tude of other uses, such as baskets, fy, 
annealing hoods, radiant heater tubes, 
thermocouple protection. In the ste ; 
dustry blast furnace blowpipes, hots 
valves and rolling mill guides are 
few typical applications. In oil refines 
and process industries large amounts of 
resistant castings are used as tube supp 
valve bodies and fittings, burner pop), 
and beams and channels. 

Heat resistant castings also find exten 
use in the glass, ceramic, cement mill, 
ore reduction industries for such applig 
tions as cooler spouts, outlet grates, |i, 
feed parts, chain conveyors, rabble holig 
and blades. Exhaust manifolds, colleg, 
rings, valves and choke tubes of heat » 
sistant alloys are commonplace in hear 
duty internal combustion engines, whi 
their application to jet engines and gas ty. 
bines is just beginning to be explored, 

Heat resistant castings are produced | 
two main methods—static casting and «@, 
trifugal casting. The centrifugal proces ; 
used extensively for tubular products 4 
as tubes, pipes and cylindrical objects, Me 
ing is done in electric-arc or in inducig 
furnaces. With some exceptions, casting 
are seldom heat treated by the producer, 





Types and Grades of Heat Resistant Castings 


Thorough search over many years for 
good heat resistant casting alloy combina- 
tions has narrowed down the field to alloys 
composed principally of chromium, nickel 
and iron. 

Chromium content runs from around 10 
to 30% in heat resistant alloys. It is a use- 
ful alloying ingredient because it is not 
subject to progressive oxidation at normal 
temperatures and has relatively high re- 
sistance to oxidation (scaling) at elevated 
temperatures. Chromium also resists the 
action of many other corrosive agents at 
normal and high temperatures and, if pres- 
ent in sufficient amounts, endows other 
metals with this property of chemical inert- 
ness. However, chromium has one failing. 
It promotes the formation of ferrite, which 
is relatively weak at high temperatures as 
compared to austenite. Also, ferrite when 
exposed to temperatures of 1100 to 1650 F 
tends to transform to a chromium-iron in- 
termetallic compound, known as sigma, 
which is hard and brittle. 

Nickel is usually present in cast heat re- 
sistant alloys in amounts up to as high as 
about 70%. It functions principally as a 
strengthening and toughening agent. It 
promotes the formation of austenite, which 
is strong and relatively stable at elevated 
temperatures. Nickel, in its own right, also 
has marked resistance to oxidation, al- 
though it is not as potent as chromium in 
this respect. However, nickel has the disad- 
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vantage of being highly susceptible to sul- 
fur corrosion. Also, its relatively high cost 
and scarcity during emergencies limit its 
use. 

While chromium and nickel have far- 
reaching effects on the properties of heat 
resistant castings, the minor alloying ele- 
ments also influence the properties. Carbon 
content usually ranges between 0.25 and 
0.50%. In general, increasing carbon im- 
proves high temperature strength, increases 
hardness and abrasion resistance, and lowers 
ductility. Higher carbon content also in- 
creases fluidity and ease of casting. 

Small amounts of molybdenum (up to 
around 3%) added to some alloys increases 
strength and corrosion resistance at ele- 
vated temperatures. Nitrogen in very small 
amounts also improves high temperature 
strength. Manganese and silicon, which are 
always present in small amounts, tend to 
lower hot strength. 


Classification of Heat Resistant Alloys 


All the common heat resistant casting al- 
loys can be grouped according to composi- 
tion and metallurgical structure into three 
broad groups as follows: (1) iron-chromi- 
um, (2) iron-chromium-nickel, and (3) 
nickel-chromium-iron. Chiefly in the in- 
terests of simplification and standardization 
the Alloy Casting Institute has established 
standard designations and chemical com- 


position ranges covering heat resistant cs 
ing alloys produced in excess of about |% 
of the-total high alloy casting output. 

Table 1 gives the composition ranges ¢ 
the various standard designations and ind: 
cates to what broad group they belong. Tx 
letter “H” in the designation indicates 
loys generally used in applications whet 
the metal temperature is in excess of 120 
F. The second letter represents the nomi 
nickel type, the nickel content increasitt 
from “A” to “X”. These standard AC 
grade designations will be used througho 
this manual. 

The composition ranges of the standitt 
designations as now \set up are qu 
broad. Although they are satisfactory 
specifying alloy grades for many gentt 
service conditions, it should be recogni 
that these wide ranges permit differences 
mechanical or corrosion resistant properte 
Thus, for severe service, alloys are 
tomarily’ produced to more closely 
trolled ranges. 

The American Society for Testing Ma 
rials has set up two specifications covert 
heat resistant casting alloys. Specificati® 
A297-49T covers the standard ACI allof 
listed in Table 1, for general applicatio 
Specification B190-45T specifically ov 
chromium-nickel-iron alloys of the f 
grade. 

There are probably at least a hundt 
commercial heat resistant alloys availabe 
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Heat Resistant Castings 











Heat resistant castings are widely used for conveyor parts. Here is a cast link conveyor for carrying material through a continuous annealing 
furnace. The analysis of the castings is 37 nickel and 17% chromium. (Courtesy Michigan Steel Casting Co.) 














































ut 
= Table I—Standard Heat Resistant Casting Alloys 
d nM today. Each foundry produces its own ACI | | Ma. | Si | P | S 
g Th special line of alloys under their own trade Group Desig. | Cr Ni c Max. | Max.| Max.| Max. Others 
tes names. But all of the alloys are composed 
wee of the three main elements—chromium, ? Pr | ie | Mo, 
F 120 nickel and iron—and minor percentages of Iron- HC | 26-30) 4.0 max. | 0.50 max. 1.00 | 2.00 | 0.04 | 0.04 | 0.5 max.* 
omits ie other elements; and practically all of them omeeweg | | ne 
reasine fall withi i . ; fo, 
| ACHE ora Riser cae oF ener Of Ge eee Caen) | HD | 26-30| 4.7 max. | 0.50 max.| 1.50 | 2.00 | 0.04 | 0.04 | 0.5 max. 
2 tr — _|—— ee nnn — athe] . samen Rene Ween — 
ugh | | Mo, | 
; HE | 26-30 8-11 0.20-0.50;} 2.00 | 2.00 | 0.04 | 0.04] 0.5 max. 
siege O0-Chromium Types | | Mo | 
quit This group of alloys is made up of the HF |18-23| 8-12 | 0.20-0.40| 2.00 | 2.00 | 0.04 | 0.04 | 0.5 max. | 
ry {ot omiu scien O, ! 
eo iwomium predominating types (HB, HC HH 124-28! 11-14 | 0.20-0.50| 2.00 | 2.00| 0.04| 0.04| 0.5 max | 
genet MS and HD) with up to 30 chromium and up ' es eee “ih al . N, 0.2 | 
gnizt t0 7% maximum nickel. The straight chro- ate pi Toe, 
ape ety: Chromium- max 
oan rene illoys are predominantly ferritic and, Nickel | | | Mo, 
- therefi re, have relatively low hot strength. HI | 26-30 14-18 | 0.20-0.50| 2.00 | 2.00 | 0.04 | 0.04] 0.5 max. 
Co [hey are seldom used in critical load bear- | Mo, 
r con ; ‘Ng parts at temperatures above 1200 or HK | 24-28 18-22 | 0.20-0.60! 2.00 | 3.00} 0.04 | 0.04} 0.5 max. 
‘400 FP. They have found considerable use Foye: MS eee an | | Mo, 
Mat la ations involving uniform heating HL | 28-32 18-2: 0.20-0.60 | 2.00 | 3.00 | 0.04 | 0.04 | 0.5 max. 
vel : re atmosphere conditions, such as Mo, 
pn ulfur ring. HT | 13-17} 33-37 | 0.35-0.75| 2.00 | 2.50 | 0.04 | 0.04 | 0.5 max. 
HX 6-30 Cr, 4% Ni max.) and HD Mo, 
- ‘, 4-7% Ni) Grades— These two Nickel- HU | 17-21 37-4] 0.35-0.75 | 2.00 | 2.50 | 0.04 0.04 | 0.5 max. 
cor ae e relatively low priced alloys, and Chromium -# Q . oe if Mo, 
» Se are | ularly useful where sulfur-bearing HW | 10-14) 58-62 | 0.35-0.75| 2.00 | 2.50 | 0.04 | 0.04 ee ag 
atmospheres are involved. Their low creep | o, 
ire S + ¢ . . ; . «A nd C 4 ~~ 3 ~ Y 2. a. 4 . 4 . . 
iM stength generally limits them in load bear- HX |15-19| 64-68 | 0.35-0.75| 2.00 | 2.50 | 0.04 | 0.04 | 0.5 max 
ae 8 applications to temperatures up to 1200 *Molybdenum not intentionally added. 
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These valve shut-off parts used in hot oil refinery lines are centrifugally cast in a 12% chromium alloy. (Courtesy The Duraloy Co.) 


F. However, in non-load bearing parts they 
perform satisfactorily up to 2100 F. Typical 
example is the use of HC alloy for burner 
pipes in the glass industry. The alloys usu- 
ally contain 0.50% carbon max. for normal 
service and 3.00% carbon max. for applica- 
tions in which wear abrasion resistance is a 
factor. 

The higher nickel content of the HD 
grade results in higher hot strength and 
better weldability and straightenability than 
HC grade. Typical applications are roaster 
furnace rabble arms and blades, salt pots, 
cement kiln ends and cooler spouts. 

HB Grade (18-22 Cr. 2.0% Ni max.)— 
This grade resists oxidation up to about 
1550 F. Its strength at high temperatures 
is even lower than HC grade and, therefore, 
finds only limited use in high temperature 
applications. 


lron-Chromium-Nickel Types 


The alloys coming under this classifica- 
tion are partially or completely austenitic. 
They contain between 18 and 32% chromi- 
um, and 8 to 22% nickel, with the chro- 
mium content always being greater than the 
nickel (Grades HE, HF, HH, HI, HK and 
HL). They are characterized by good high 
temperature strength, hot and cold ductility, 
resistance to oxidizing or reducing condi- 
tions. They also have good weldability and 
generally machine satisfactorily. It is im- 
portant to use these high chromium con- 
tents when the atmospheres are high in 
sulfur, particularly if reducing conditions 
are encountered. 

HH Grade (24-28 Cr, 11-14% Ni)— 
This grade is one of the two most popular 
grades cf heat resistant alloys, and consti- 
tutes about one-third of all heat resistant 
casting preduction. This grade is charac- 
terized by an unusually wide variation in 
high temperature properties within the al- 
lowable chemical composition range. The 
composition is therefore critical and must 
be closely controlled to develop the desired 
service properties. For practical purposes, 
the alloys have been divided into two gen- 
eral types to meet different service needs. 
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Type I alloys are partially ferritic and have 
lower creep strength but higher hot ductility 
than Type II. Type II alloys are almost, or 
fully austenitic, and have relatively high 
creep strength but low ductility compared 
to Type I. 

The two types cannot always be dis- 
tinguished from each other by mere study 
of their chemical analysis. They can, of 
course, be identified by study of the high 
temperature properties, but determination 
of these properties is too costly and in- 
volved for control purposes. Fortunately it 
has been found that magnetic permeability 
can serve as an identification means. ASTM 
in Specification B190-45T has set up limits 
of magnetic permeability for each type as 
follows: Type I—1.70 max.; Type Il— 
1.05 max. 

Because of its high creep strength and 
relatively low ductility, Type II is useful in 
parts subject to high constant load condi- 
tions in the range from 1200 to 1800 F. 
Some typical uses are for furnace shafts, 
beams and rollers, and tube supports. Type 
I alloys are used where hot ductility is more 
important than high strength. Their use in 
lead bearing applications between 1200 and 
1650 F is limited because of the formation 
of the weak sigma phase in that range. 

Both types have good resistance to sur- 
face corrosion under the various conditions 
encountered in industry and are but slightly 
susceptible to subsurface penetration. HH 
alloys with carbon up to as high as 2% 
are suitable for applications involving hot 
wear. 

Experience has indicated that these alloys 
can withstand reasonably well repeated tem- 
perature changes or differentials. However, 
they are not generally recommended for 
severe cyclic service such as for quenching 
fixtures. Also, their weldability and ma- 
chinability are good and correspond to that 
of other austenitic alloys. 

HI Grade (26-30 Cr, 14-18% Ni)— 
This grade is quite similar to HH grade. 
However, with the higher nickel it is less 
likely to be partially ferritic and possesses 
more uniform high temperature properties. 
It has somewhat higher oxidation resistance 


than HH and can be used up to 2150 F 
One typical use of this alloy is in retors 
for distillation of magnesium. 

HF Grade (18-23 Cr, 8-12% Ni)—This 
grade is comparable to the popular corm. 
sion resisting 18:8 composition and is suit. 
able for use up to around 1600 F. | 
parallels HH grade in many uses and con- 
bines relatively high hot strength and du. 
tility. Typical uses include burnishing and 
coating rolls, furnace dampers, annealing 
furnace parts, and oil still supports. 

HE Grade (26-30 Cr, 8-11% Ni) 
This grade has excellent high temperature 
corrosion resistance and is frequently rec 
ommended for service in very high sulfu 
atmospheres where alloys containing high 
nickel cannot be used. Because of its high 
chromium content it is suitable for use up 
to 2000 F. The alloy has moderately high 
hot strength and excellent ductility. It is 
widely used for parts subject to high sulfur 
gases, such as conveyors in furnaces, te 
cuperators, roasting furnace center shaft, 
and tube support castings. This grade is sus 
ceptible to formation of sigma and is not 
recommended for service between 1200 and 
1650 F. 

HK Grade (24-28 Cr, 18-22% Ni) awi 
HL Grade (28-32 Cr, 18-22% Ni)— Th 
HK grade seems to be increasing in popt 
larity largely because it provides one of tht 
most economical combinations of strength 
and surface stability at high temperatures 
It has good resistance to industrial atmo’ 
pheres (except very high sulfur) up 
around 2100 F, and is excellent for genet 
structural uses up to the same temperatutt. 
In many respects HK grade is similat 
HH Type Il. The higher nickel conte! 
generally assures an austenitic alloy an 
therefore, there is little likelihood of “ 
veloping sigma at service temperatuf 
However, there are indications that certs! 
unbalanced compositions may cause it to 
susceptible to sigma with resulting spre 
in high temperature properties. 

The HL grade is quite similar to Hi 
grade. Typical uses of these alloys are ' 
gas dissociation equipment fixtures, basket 
and boxes for malleablizing, calcining tube 
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el-Chromium-lron 


ese heat resistant alloy types are nickel 
‘minating and are austenitic. They con- 
from about 10 to 20 chromium and 
, about 30 to 70% nickel. The com- 
tion limits are not as critical as for the 
chromium-nickel types, and there is no 
ence of formation of a brittle phase at 
ice temperatures. 

it were not for their relatively high 
and the problem of corrosion in high 
wr atmospheres, these alloys could be 
1 satisfactorily for practically all appli- 
ons up to 2100 F. They have good hot 
ingth, carburization resistance, and ther- 
fatigue resistance. Therefore, they find 
» use for load bearing applications and 
castings subject to large temperature 
rentials and cyclic heating. Probably 
r most serious shortcoming is low re- 
ance to corrosion in high sulfur atmos- 
res, although they will withstand re- 
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servations: 

1. As nickel content increases, the tend- 
ency to carburize decreases. 

2. As nickel content increases, tensile 
strength at elevated temperatures decreases 
somewhat, but alloys are more resistant to 
thermal shock. 

3. As chromium content increases, re- 
sistance to corrosion and oxidation increases. 

4. As carbon content increases, tensile 
strength at elevated temperatures increases. 

5. As silicon content increases, tensile 
strength at elevated temperatures decreases, 
but resistance to carburization increases 
somewhat. 

HT Grade (33-37 Ni, 13-17% Cr)— 
The alloys in this grade make up about 
one-third the total annual production of 
heat resistant castings. They have excep- 
tionally high strength at elevated tempera- 
tures up to 1700 F and are resistant to 
cracking in service involving thermal cycles 
or large temperature gradients. HT grades 
can be used satisfactorily up to 2100 F in 
oxidizing atmospheres and up to 2000 F in 
reducing atmospheres, but must not be used 
in atmospheres high in sulfur. Because ab- 
sorption of carbon up to 0.90% does not 
cause critical embrittlement, these alloys are 
widely used for carburizing containers. 

Castings of this alloy are widely used for 
load bearing members in many furnace ap- 
plications. Other typical uses include retorts, 
radiant tubes, cyanide, lead and salt pots, 
and hearth plates. 


HU Grade (37-41 Ni, 17-21% Cr)— 
This grade is similar to HT grade. Its 
higher chromium content increases its hot 
strength somewhat. It has an exceptionally 
high combination of creep strength and 
ductility up to 1700 F, and replaces WT 
gtade where extra high hot strength is re- 
quired. Higher alloy content gives it better 
corrosion resistance than HT grade. Typical 
uses are salt pots, trays, fixtures, gas disso- 
Ciation equipment. 

HW Grade (58-62 Ni, 10-14% Cr) and 
HX Grade (64-68 Ni, 15-19% Cr)— 
These two grades are alloys of the highest 
nickel content. They are not as strong as 
the HT grades but are used in oxidizing at- 
mosphere up to 2050 F and in reducing at- 
mospheres up to 1900 F. The higher chro- 
mium and nickel content in HX makes it 
more resistant to corrosion than HW at 
elevated temperatures. Both grades have 
high electrical resistivity, which suits them 
for electrical heating elements. They are 
used to great advantage where maximum 
and widely fluctuating temperatures are en- 
countered, because of their ability to with- 
stand cycling without cracking and a mini- 
mum of warping. Thus, one of their lead- 
ing applications is for quenching fixtures. 
They are also useful in carburizing appli- 
cations and resist corrosion from tempering 
and cyaniding salts. Typical applications in- 
clude carburizing and hardening fixtures, 
heat treating boxes, retorts and burner parts. 
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| popu: most or best combination of properties 
of the meet the particular application needs. 
trength erefore, no attempt will be made in 
ratures. section to recommend any one heat re- 
atmos- ant alloy for a specific use. The best we 
up © fm do is explain the significance of the 
general lous selection factors and properties that 
erature. mest be considered and point out what 
ilar t0 "Y types or grades should be considered 
content Vatious end-service requirements. 
y and, MmpPefore making a final choice the advice 
of de- teliable producer or producers of heat 
ratures. istant castings should be sought. Their 
certaif owledge and their experience in handling 
it to be ilar Problems in the past can often save 
spread Siderable time and expense. The pro- 
ket should be given complete informa- 
to Hk N about the requirements of thé casting 
are for “under what conditions it will operate, 
basket that he can base his recommendation on 
» tubes, the facts. 
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of Heat Resistant Castings 


Following is a list of most, but not neces- 
sarily all, of the possible conditions that 
may have to be considered in the selection 
of a heat resistant casting for any given 
application: 


1. Temperature of operation. 
2. Possible maximum temperature. 
3. Temperature cycling. 
a. Range of temperature cycling. 
b. Frequency of temperature cycling. 
4. Thermal shock conditions. 
5. Type and size of load. 
6. Manner of support. 
7. Type of atmosphere or other cor- 
rosive conditions. 
8. Type of liquid bath, if any. 
9. Abrasive or wear conditions. 
10. Size and shape of part. 
11. Continuous or intermittent opera- 


tion. 
12. Expected life. 
13. Cost. 


14. Ease of replacement. 
15. Further processing, such as welding 
or machining. 


The significant properties of the alloys 
that must be considered in selecting and de- 
signing heat resistant castings to meet the 


above operating conditions are as follows: 


1. High temperature strength. 

2. Ductility at high and intermediate 
temperatures. 

3. Surface stability (corrosion resis- 
tance). 

4. Thermal expansion and dimensional 

stability. 

Resistance to thermal fatigue. 

Resistance to carburization and em- 

brittlement caused by it. 

High temperature wear resistance. 

Thermal conductivity. 

Room temperature properties. 

Processing characteristics — machin- 

ability and weldability. 

11. Castability (to assure sound cast- 
ings). 


ay 


Pees 


1 


Data available on some of the above 
properties, in particular the high tempera- 
ture properties, are not too complete. And 
where data are available from several 
sources, they often do not agree. Although 
comprehensive investigations are underway, 
there are at present many gaps, and, there- 
fore, evaluation of the alloys based on test 
property data must be done cautiously. The 
plain fact is that much as the engineer 
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would like to avoid empiricism, his choice 
of alloy and his design must still be based 
largely on information that is gained by 
trying the alloys in service. In short, then, 
the best method of choosing the proper 
heat resistant casting alloy is to combine a 
consideration of past performance with 
available test data. 


High Temperature Strength 
and Ductility 

It is a well-known fact that strength and, 
therefore, load carrying ability of metals 
decreases as temperature increases, and heat 
resistant casting alloys are no exception. It 
is also well-known that strength properties 
at elevated temperature must be considered 
differently than at room temperature. 

At high temperatures, metals under stress 
not only behave elastically as they do at 
room temperature, but also are subject to 
slow plastic deformation. Therefore, time 
becomes a critical influencing factor and 
conventional tensile test values cannot be 
used. The problem becomes one of de- 
termining the load which at a given tem- 
perature will not produce more than a 


certain allowable degree of deformation in 
a given period of time. Thus, four factors 
are involved—stress, time, temperature and 
deformation. 

Creep Strength—The matter of evaluat- 
ing and rating high temperature strength 
of heat resistant casting alloys is still con- 
troversial. But at present, creep test prop- 
erties are generally considered the most 
reliable indication of hot strength under 
relatively constant temperature conditions. 
Creep data—more specifically, the limiting 
creep stress (L.C.S.) to produce a selected 
minimum rate of creep—is frequently the 
basis for calculating allowable design 
stresses. On the basis of experience, the 
minimum creep rate usually selected for 
comparison and design is 0.0001% per 
hr. This is often converted to 1% per 
10,000 hr. rate. It is important to note that 
when creep is expressed in the latter way 
it does not necessarily mean that the limit- 
ing creep stress can be sustained for 10,000 
hr. without failure. 

Fig. 1 compares the creep strength of 
representative heat resistant casting alloys. 
From this and the data in Table 2 it can 
be seen that HT and HU grades have high- 
est creep strengths up to around 1600 F and 


are generally preferred for high jo 

plications where atmospheric ¢o93:. 
permit their use. However, above 1(y 
1650 F the HK and HL grades are yy. 
im creep strength and surpass HT ani» 
by an increasing amount as temperaty: 
creases. For example, at 2000 F, Ls 

HK runs between 750 and 1000 pyi 
compared to only 500 psi. for HT 5, 
austenitic HH (Type II) also has , 
creep strength and compares favorably y 
HT above 1850 F. 

Stress-Rupture Data—Stress-rupture ; 
are often a valuable adjunct to ~ 
strength values in the selection of hey, 
sistant castings and in the establishmey 
allowable design stresses. 

The principal object of a stress-muy 
test is to determine the time-to-fno 
under a constant load at a constant » 
perature. It therefore gives a rough appre 
mation of the life expectancy of the ij 
under relatively constant temperature 
ditions. The results are also useful in 
paring alloys for service in which 
of loading or overloading might prody 
failure in a relatively short time. 

In general, stress-rupture tests rank 
alloys in much the same order as the cg 


Table 2—Elevated Temperature Properties 





Type I* | Type ti* | 
HF HI 





HW | 


HK | HL | HT HX | 





Short Time Strength Prop- | 
erties: 
Ult. Ten., Psi. at: 
1400 F 10,000 

1600 F 5,000 

1800 F 2,500 


Elong., % in 2 In. at: 
1400 F 65 
1600 F 95 
1800 F 110) 


Limiting Creep Stress, Psi. 
(1% Ext. in 10,000 Hr.) 
at: 1400 F | 
1600 F 
1800 F 








700 


36,000 | 
23,000 | 
15,000 | 


14 
18 | 


1,200} 3,500| 
1,900 
1.000 





40 | 





350 


Limiting Rupture Stress, Psi. 
100 Hr. at: 
1400 F 
1600 F 
1800 F 


3,000 
1,500 
800 | 








10,000 
6,000 
3,400 








1000 Hr. at: 
1400 F 
1600 F 
1800 F 


Design Stress, Psi. (50% 
L.C.S.) at: | 
1400 F 


2,000 | 
1,200 | 
600 | 


600 | 


_—— 














! 
| 1 
| 





40,000 | 
19,000 | 
12,000 | 


| $0,000 
30,400 
18.700 | 


34,000 
19,000 
11,000 








4b 
25! 16 
28 20 


| | 
7,000} 8,000} 8,500) 6,000 
4,300} 4,800} 5,000) 4,0 


_——_ 








| 2,000} 2,000; 2,0 
Reem | 
15,000 | 15,000 


9,200} 9,000 
5,200} 4,500 


15,000 | 10,00 
8,000} 6,00 
4,500} 3,30! 
_ _ “ 





— \ 10600} cm. | 12 
~~ | $,500| 6,000) 4,5M 
| — | 2;500] 2,900] 25m 


j oak 
7 SW 





3,500 | ‘ 
2,100 ,500 | 2.00) 


1,00) 


| 3.200 | 
1.800 | 
900 


3,200 
2,100 
1,200 


1,700| 1,700; 2, 
900; 1,000; 1 


350 | | 
500 | 600 | 


175 | 


1600 F 
1800 F 


Mean Coeff. of Linear Exp. 
In/in./ °F x 10°° 
70-1200 F 
70-1600 F 
70-2000 F 


10.0 
10.4 
10.9 


Melting Pt. (Approx.), F | 2,700| 2,700! 2,650| 2,600 


9.0 
93 | 8 
9.8 Dt 


9 475| 2,3) 
2,425} 22%) 


9.5 
10.0 
10.8 


10.0 


10.5 


oe 95 } = 
10.0 | 10.3 9.7 | 9.3 


10.8 | 108 | 106 | 98 
2,500 | 2,500 | 2,500] 2,500] 2,600| 2,425 | 
| | 








NOTE: The values in this table should be considered as approximate and can vary considerably above or below these values, depending on exact composttio® ° 


treatment, method of manufacture, method of test, etc. 


*Type I1—partially ferritic; Type 11—austenitic 
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t. The high nickel alloys, HT and HU 
des, have the highest limiting rupture 
ress for temperatures up to around 1600 F. 
hove this temperature HK and HL ap- 
cach HT and, depending on exact com- 
sition, surpass it above 1800 F. 
Stressrupture data become particularly 
ful in design when plotted on the same 
ph with creep data, as in Figs. 3, 4 
1d 5. For example, in Fig. 3 if the per- 
issible creep rate were 0.0001% per hr., 
fe limiting creep stress at 1600 F would 
3100 psi., which corresponds to a maxi- 
sum fracture time of 5000 hr. However, 
ch data must be used with caution. Ex- 
pt for overloads that cause fracture in a 
y hundred hours, the fracture-time curves 
pe » extrapolations at the low stresses. There- 














fricnimfore, they must be considered as represent- 
At te ng only the maximum life expectancy, and 
P pros ive no assurance that fracture will not 
re alk cur at shorter times. 


















Ductility—Accurate comparison of hot 
ctility of heat resistant casting alloys is 
ficult since there is no one generally ac- 
pted reference test. Total elongation on 
th creep and stress-rupture tests are often 
ed as criteria. Also, elongation values in 
hort time high temperature tensile tests 
e commonly used in specifications as an 
dication of high temperature ductility. 
In general, up to 1800 F the HT grades 
ave the highest ductility, followed by fully 
stenitic HH alloys, and the HK grades. 
Above 1800 F all the grades have adequate 
uctility. Because of the formation of the 
rittle sigma phase between 1200 and 
650 F, HH Type I alloy develops poor 
uctility, and its use should be avoided at 
ese temperatures if ductility is important. 
many applications where castings are 
handled at normal temperatures, room tem- 
Meepcrature ductility is often a consideration. 
“a Short Time Tensile Properties—Short 
: ime hot tensile tests in which the test 
pecimen is held at the test temperature for 
hr. and then pulled cannot be relied upon 
D indicate how heat resistant alloys will 
behave in service. The values obtained are 
yee much as five or six times the limiting 
2 reep stress values and, therefore, greatly 
ver-evaluate load carrying ability over long 
eriods. Nevertheless, short time tensile 
ests can be helpful in evaluating resistance 
0 momentary overloads and are included 
n some specifications. In Table 2 are given 
he short-time ultimate tensile strength and 


oe ogg for the standard heat resistant 
oys. 
















Allowable Design Stresses—A frequently 
bsed maximum allowable tensile working 
fess of heat resistant casting alloys for 
Pplications up to 1900 F is taken as 50% 
HM the limiting creep stress for a 1% in 
0,000 hr. creep rate. This rule only applies 
here the temperature is constant and where 

in stress are infrequent and not 
[he values given in Table 2 are 
based on 50% of the limiting creep stress. 
yelic heating is involved, design 


esses aware 
€s5e5 must be much lower by a factor of 
wo or thre é. 








3,00 
2.000 
1,00 




















he chang 





XC€ssive 


here 








be here service experience is available, 
1 ) ey ° 

ron allowable design stresses are de- 
mined on the basis of the experience of 
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Alloy 
Type 1800F I600F 1400F 
“HC |. Oo 
HO —] 
HH-I ZILLA. ] 
HH-IT ZLLLLLLLLL 2 
HK VLLLLLLLLLLLL ] 
HT LLL LLL LL LLL J 
HU ZILLLL LLL ee 
HW-HX ZLLLLLLLLLLLLLLO ] 





! | j i l i i i ile 
1000 2000 3,000 4,000 5000 6,000 7,000 8000 9000 
Limiting Creep Stress (0.0001 % per hr.min. creep rate), Psi. 





Fig. 1—Limiting creep stress of representative heat resistant casting alloys. 




























































Alloy 
Type 1I800F I600F I400F 
i Cc LLU J 
HD VISLISSIEES/ A J 
HH-I LLLillllillds ale 
HH-2 LLLLLLMALL AL, j 
HK LLLLLILLLL LLL LL Jj 
HT LLLLillltl hh lle J 
HU LLLLLLLLLLAL LLL, 
HW-HX LLLLLL hill le } 
1 | P 1 i L L L i i i ! ‘ 1 ) 








2000 4000 6000 9000 10,000 12000 14,000 
Limiting Rupture Stress for 100 hr.,Psi 


Fig. 2—Limiting rupture stress of representative heat resistant casting alloys. 


40,000 
20,000 


‘a 10,000 
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v 2,000 
1000 
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4 8 
300 Years 
0.0f 0.1 I. 10. 100. 1000 10000. Hr. 
0.000001 0.00001 0.0001 0.00! 0.01 0.1 1.0 % Per Hr. 


Fig. 3—Creep and rupture properties of an HH alloy containing 25.9 chromium, 11.5 nickel, 
0.46% carbon. (Avery, Cook and Fellows) 


design stress for chains and trays for heat 
treating furnaces is only about 25% of the 
limiting creep stress. In unimportant parts 
that are easy to replace, the allowable de- 
sign stress might be higher than 50% of 
the creep stress. 


both the user and producer. And their de- 
cision depends upon the part and the service 
conditions. In the case of parts that are 
quite critical to the successful operation of 
the overall structure, a more conservative 
value is used. For example, the allowable 
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Heat resistant cast alloy Lehr rolls being machined to close tolerances for use in the plate glass industry. (Courtesy The Duraloy Co 


Thermal Fatigue 


In many high temperature applications 
intermittent or widely fluctuating tempera- 
tures (cyclic heating) are encountered, and, 
therefore, the ability of the various heat 
resistant casting alloys to withstand such 
service must be considered. 

Thermal fatigue failure involves cracking 
characteristically caused by very rapid heat- 
ing and cooling cycles. Crazing and check- 
ing of heat tseating fixtures are typical 
examples. Such failures are the result of 
many reversals of thermal stresses in the 
part as contrasted to common mechanical 
fatigue failures, which are caused by ex- 
ternally applied loads. 

Very little experimental thermal fatigue 
information is available on which com- 
parison of the various alloys can be based, 
and no standard test as yet has been adopted. 
However, during the last few years the 
Alloy Casting Institute has sponsored in- 
vestigations on thermal fatigue properties 
and have issued a preliminary report giving 
some results. While these results do not 
agree entirely with experience and are by 
no means conclusive, they do present the 
beginning of a pattern which should be 
extended by future investigation. 
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Field experience indicates that thermal 
fatigue resistance increases with increasing 
nickel content. Thus, HW and HX are 
rated highest, followed by HT, HK and 
HH grades. 


Thermal Expansion and Distortion 


Closely related to thermal fatigue is the 
problem of thermal expansion and distor- 
tion and warping. In common with all 
metals, heat resistant castings expand with 
increasing temperature. If proper provision 
for expansion and contraction is not made, 
thermal stresses set up can cause early fail- 
ures. In high temperature casting design, 
allowances for dimensional variations must 
be many times as great as those encoun- 
tered in structures at normal temperatures. 

The thermal coefficients of expansion of 
heat resistant alloys for several different 
temperature ranges are given in Table 2 
All the alloys have relatively high coefh- 
cients, and the difference between the vari- 
ous gtades is small. The high nickel grades 
as a rule have somewhat lower coefficients 
than the chromium predominating grades, 
except the straight chromium types. 

In applications where the design of the 
casting and the nature of the heat source 


is such that the casting is heated conta 
ously and uniformly throughout, expansio 
can be provided for relatively easily. How 
ever, when the heat distribution throughot 
the casting is not uniform, distortion ¢ 
warpage caused by unequal thermal stress! 
often results. For example, it is practical) 
impossible to heat and cool large casting 
uniformly; therefore, unequal stresses thus 
set up within the mass tends to distort 0 
fracture it. Heat resistant alloys inhereat! 
have low heat conductivity (about 4 thi 
of steel), and this tends to cause greait! 
temperature differences between various * 
gions of a casting. 

Unfortunately, these thermal stress 
which are frequently much greater thi! 
those from externally applied loads, # 
seldom be evaluated. But often unfavoradé 
conditions can be overcome by proper © 
sign, such as by making castings small a 
symmetrical, and by allowing maxim 
freedom of expansion. For example, 11 
case of hearths for heat treating furns® 
it is better to make them of a number ® 
small elements which are free to expéH 
and contract separately than to use ™ 
large plate. 

Thus, careful design based on past “ 
perience must be largely relied upo® ® 
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Table 3—Room Temperature Properties 







































































































































Property | HC HE HF HH HI HK HL HT HU HW HX 
‘le Strength, Psi. | 
ow . | 70,000 | 80,000 | 80,000 | 85,000 | 70,000 | 72,000 | 82,000 | 67,000 | 67,000 | 68,000 | 75,000 
Aged be. ore — | 100,000 | 90,000| — 78,000 — 75,000 | 75,000 | 75,000 | 82,000 
Strength, Psi. | 
Be net : | 65,000 | 45,000 | 45,000 | 45,000 | 45,000 | 43,000 | 52,000 | 37,000 | 37,000 | 50,000 | 45,000 
Aged | o— — 50,000 | 50,000 — 50,000 —~ 41,000 | 41,000 — 42,000 
Elongati n, % in 2 In. — 
AeCost 10 35 ae pr oe 17 4 SS 8 4 9 
Aged ak: ae ee 25 10 % Fasereeh? 10 a Se i. di 4 wae 
q of Area, % | 
Pia cont —_ | — -- 30 | — 30 — 8 | 8 _ -_ 
Aged — —- — — — 10 — ee ie — — 
dness, Bhn. | 
Fae toct | 180 | 200 170 180 |} — 175 192 168 168 179 172 
Aged — |— 190 205 — 205 ia 187 187 ine 183 
impact, Charpy, | | | | | 
Ft.-Lb. | | 
As-Cast — _- — 20 ~_- — one 4 4 | oe col 
Aged — — — 10 — | — _ 5 5 ee 














chiefly as SOs. However, under reducing 
conditions their corrosive action increases 
and the choice of alloys becomes narrow. In 
applications where high sulfur gases under 
reducing conditions are encountered, only 
the high chromium grades (HC, HD and 
HE) are suitable. The high nickel grades 
are particularly susceptible to corrosion in 
high sulfur atmospheres, and their use must 
be avoided in such applications. 

A general idea of the resistance to molten 
salts and metals can be gained by studying 
Table 4. However, again it must be pointed 
out that these data are not conclusive and 
should not serve as the basis for final alloy 
selection. 


at least 1700 F. In atmospheres containing 
sulfur products above 100 grains per 100 
cu. ft., the choice becomes limited. The 
sulfur content of some of the common at- 
mospheres encountered in industry are as 
follows: 

Unpurified fuel gas when burned—125 
grains per 100 cu. ft. 

Normally purified coke oven or producer 
gas—6 grains per 100 cu. ft. 

Average fuel oil—60 grains per 100 cu. 


inimize distortion and warpage. For this 
son the heat resistant casting user should 
ynsult with the producer in the early stages 
design, so that with their combined ex- 
rience the best design can be evolved. 





yrosion Resistance Properties 


In the selection of heat resistant castings, 
bnsideration of surface stability is of para- 
ount importance. Equipment for high 
mperature service frequently operates un- 
br oxidizing or reducing conditions or in 
bntact with corrosive gases or fused salts. 
nd elevated temperatures generally ac- 
tlerate scaling and the action of corrodents. 
No heat resistant casting alloy will meet 
ll corrosive conditions satisfactorily. For 
kample, an alloy not good in an oxidizing 
mosphere at 1900 F might prove satis- 
actory at 2100 F under reducing condi- 
ons. On the other hand, one good at 2100 
in a neutral or slightly oxidizing atmos- 
here might flake badly at 1600 F in a 
ducing atmosphere that contained only a 
hoderate percentage of sulfur. 

It is therefore dangerous to generalize too 
it about corrosion resistance of heat re- 
stant castings. Very slight changes in alloy 
patent or in service conditions can com- 
letely change the behavior in what is 
herwise an identical situation. The only 
bmpletely safe procedure is to test the 
esting alloys under truly representative 
vice conditions. 

However, past experience allows some 
Fneral observations to be made. Table 4, 
tepared by ASTM Committee A-10 on 
on-Chromium, Iron-Chromium-Nickel and 





ft. 





Bituminous coal—55 to 300 grains per 
100 cu. ft. 

Sulfur gases are usually less harmful un- 
der oxidizing conditions when present 
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elated Alloys, gives the principal corrosion 
“sistant characteristics of the standard 
ades, 

In general, it can be said that where only 
f Cotrosion is involved most of the stand- 
d grades will give satisfactory service up 
D at least 1900 F. Where reducing atmos- 
“tes are involved, with no sulfur, most 


f a" ‘ 
the standard grades are satisfactory up to 
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Fig. 4—Creep and rupture properties of HT type alloys at 1600 F. (Alloy Casting Institute) 
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Fig. 5—Creep and rupture properties of a typical HK type alloy containing 26 chromium and 
20% nickel. (Avery & Wilks) 


10 
0.001 


Carburization Resistance 


All heat resistant casting alloys pick up 
carbon to a certain extent when subjected 
to carbon bearing atmospheres at high 
temperatures. For example, it is possible 
for some alloys to go from 0.30 to 2% 
carbon content within a period of several 


100 
0.01 


1000 
0.1 


10,000 Hours 
1.0 % per Hr. 


months when used in a carburizing appli- 
cation. A large amount of carburization 
leads to volume changes, which can cause 
warpage and distortion. 

The chromium predominating grades are 
generally not suitable for carburizing serv- 
ice except in cases where other requirements 
dictate their selection. In such cases silicon 





content should be closely controlle 
kept on the high side. Carburizatio, 
sistance of HH grade is improve va 
silicon contents of above 1.6%, with 17 
gtade improvement is gained with Silicg 
above 1.3%. 

Resistance to carbon penetration incteay 
as nickel content increases. Therefore the 
high nickel. grades (HT, HU, HW yy 
HX) are all good in this respect. HW aj 
HX grades, being highest in nicke! » 
rated as excellent. 


Room Temperature Properties 


Table 3 gives the conventional room 
temperature properties of the various hy 
resistant alloy grades. Although room te, 
perature mechanical properties are sony 
times used for acceptance purposes, there j 
little relation between them and high ten, 
perature behavior. 

Room temperature properties may be ¢ 
interest in cases where the casting is s} 
jected to severe service stresses at or ney 
normal temperatures. They also are som 
times used as a control test to check on ty 
uniformity of properties or to detect def. 
tive material or to give information 
fabricating properties. 


Abrasion Resistance 


In many heat resistant applications, we 
due to abrasion is an important considew 
tion. High chromium-high carbon all 
have good abrasion resistance. Of the stani: 
ard grades, HC with 3.00% carbon max. i 
frequently used for abrasion resistant ser 
ice. An advantage of this grade is that it 
can be machined in the annealed condition 
and then hardened to as high as 600 Bho 
Other grades often used for abrasion 
sistant service include HD and HH. 


Table 4—Relative Corrosion Resistant Characteristic 





Maximum Safe Temperature without Intolerable Attack 


for Continuous Operation, F* 





Oxi- 
dizing 
Gases 


ACI 
Type 


| 


| 


Re- 
ducing 


Products of 
Combustion 
Containing 
Sulfur up to 
100 Grains per 
100 Cu. Ft. 


| 


High Sulfur 
Content Gases” 





Gases 


Oxidizing | Reducing 


Oxidizing | Reducing 


| 
Resistance 
to Cyclic 


Resistance 
to Thermal 
Fatigue 


Resistance to Corrosion by Salts’ 





Drawing | 
and 


Neutral | Cyaniding 





HC 
HD 
HE 
HF 


1900 
1900 
2050 
1600 


HH 
HI 

HK 
HL 


2100 
2100 
2100 
2100 


HT 
HU 
HW 
HX 


2100 
2100 
2050 
2100 











1700 
1700 
1700 


oe 


1900 
1900 
2000 
2000 


2000 
2000 
1900 
1950 





1900 
1900 
1900 


1700 
1700 
1700 





2100 
2100 
2000 
2000 


1900 
2000 
2000 
2000 


1900 
2000 
2000 
2000 


1600 
1900 
1600 
1950 





1800 1650 


1800 


1650 


2000 
2000 
2000 
2000 


NR | 
NR | 
NR 
NR 





Poor 


Fair 


Poor 


Fair 


Fair 


Good 


Fair 
Good 


Good 


Good Good 


Heating Tempering 


gaa |-Oen 


Good 


Excellent 
Excellent 


| Excellent 
| Excellent 


Excellent 
Excellent 


| Excellent 


| Excellent | “S_ 





*Values lower when service is intermittent. 
°NR = not resistant. 
© Will give satisfactory service with proper salt control 
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sistance ts improved when silicon content is 1.5 to 1.7%. 


*Up to at least 650 F. 
'Up to at least 1300 F. 
9Up to at least 775 F. 
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< wilmmprtrical Properties 
ne Compared with pure metals, heat resist- 
casting alloys have high electrical re- 
tance, and have found considerable appli- 
ion for electrical heating elements in 
avy duty service structures, such as fur- 
e< Cast resistors provide superior 
ngth and resistance to oxidation. They 
ye the further advantages of being rigid 
d easily mounted. 
Cast resistor elements are usually of 
‘hed T or U section and can be made in 
nits having as high as 15 or 20 ft. of 
sting element. Alloy grades HT (38 
‘kel, 189% chromium) and HX (65 
vel, 18% chromium) are widely used 
these applications and can be used at 
peratures up to 1850 and 2100 F, 
spectively. Grades HU and HW are also 
ved for cast resistor elements. 
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elding and Machining Characteristics 


All heat resistant alloy grades can be 
elded by conventional methods where 
eld metal of equivalent properties is used. 
ese castings can, therefore, be used in 
bricated assemblies joined by welding. 
epair welding can also be successfully 
complished in all the grades. The high 
ickel grades as a group are easiest to weld 
he austenitic chromium predominating 
rades are also relatively easily welded, but 
ficulties are sometimes encountered with 
he ferritic grades HC and HD. They are 
eheated at 600 to 1000 F before welding. 
All grades are also readily machinable, 
ith the nickel predominating grades again 
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alloys 
stand: 


max. i 

t servfmmmmted highest in this respect. Tapping op- 
that trations are sometimes difficult without 
adiving at treatment on HF and austenitic HH 
) Bho ades, but otherwise the chromium pre 
on te @_mmominating grades machine satisfactorily. 
I easonable speeds and heavy feeds are 


istics et Cast Heat Resistant Alloys 


possible using high-speed or carbide tools. 
finishing other 
chining for fitted parts is not required in 
heat resistant applications. Pickling practices 
usually employ nitric acid with small addi- 
tions of hydrofluoric acid. 


general, 


Soundness and Uniformity 
of Properties 


Most of the preceding discussion has 
dealt with the selection of the proper alloy 
to meet service conditions, but final selec- 
tion should also always take into account 


Heat Resistant Castings 
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This roller hearth is used for annealing sheet brass. The rollers, roller frames and side guards 
are 37 nickel-17% chromium castings. (Courtesy Michigan Steel Casting Co.) 


castability and other factors which influence 
the production of a sound casting. 

Most users and producers of heat re- 
sistant castings will agree that soundness 
and uniformity of properties from one cast- 
ing to another are extremely important 
factors in determining a casting’s success or 
failure in service. The best alloy selection 
can be undone by an unsound casting, or 
by lack of uniformity in castings of the 
same design. Unsoundness can have serious 
effects, not only because of the decrease in 
effective section thickness, but also because 
it presents opportunities for possible stress 
concentrations. 
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igh- toDamage | Hydro- 
reed byCarbon | carbon 


Zinc 


Resistance to Corrosion by Molten Metals” 


Soft 
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Anti- 
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Poor 


Poor 


Poor 


Poor 
Poor 
Poor 


Good’ 


Poor 
Poor 
Poor 
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; Fair Fair ia i 
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NR pond Good Good’ 
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This huge coiling reel drum is used in continuous hot strip mills. It is 
48 in. in dia. by 5 ft. 6 in. long, and is made of a 25 chromium, 10 


nickel, 1.00% molybdenum alloy. (Courtesy The Calorizing Co.) 


As a class, heat resistant alloys quickly 
lose fluidity and solidify more rapidly than 
ordinary steels, thus making the casting 
more susceptible to shrinkage, tears, cold 
shuts and laps. 

As a general rule, the nickel predomi- 
nating grades have best castability. The 
chromium predominating grades are more 
difficult to cast, and require slightly greater 
minimum metal sections. In all grades 
higher carbon and silicon contents improve 
fluidity and ease of casting. 

The design engineer can often help 
minimize unsoundness by adapting the de- 
sign of the casting as much as possible for 
good foundry practice. To do this, coopera- 
tion between user and producer is essential 
early in the design stages and preferably be- 
fore the pattern design is begun. The pro- 
ducer should be informed of the exact type 
of service which the casting will meet. He 
can often suggest minor changes in design 
which will help in the production of a 


A retort and insert assembly for coal distillation pilot plant. (Courtesy 


sound casting. If the service requirements 
dictate a design that might result in un- 
sound sections, section thicknesses can often 
be increased or apportioned slightly differ- 
ently in order to correct the condition. 

Finally, it should be emphasized again 
that there is no substitute for a good casting. 
And the best assurance a user can have of 
obtaining a well-designed, sound casting is 
to buy his castings from a dependable 
source. 
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Cast Zinc Alloys 


Typical Properties 


COMPOSITION, % 


PHYSICAL PROPERTIES 
Density, Lb./Cu. In. 
Melting Point, F 
Thermal Cond., Btu./Hr./Sq. Ft./Ft./F (158-284 F) 
Coeff. of Exp. per F (68-212 F) 
Spec. Ht., Btu./Lb./F (68-212 F) 
Elect. Res., Microhm-Cm. @ 68 F 
Solidification Shrinkage, % 


MECHANICAL PROPERTIES 
Tensile Str., 1000 Psi.: 
Die Cast 
Chill Cast 
Elongation in 2 In., %: 
Die Cast 
Chill Cast 
Hardness, Bhn.: Die Cast 
Impact Str., Izod Charpy, Ft.—Lb.: 
Die Cast 
Chill Cast 
Fatigue Str., (End. Limit, 10° cycles), 1000 Psi.: Die Cast 
Compressive Yield Str., 1000 Psi.: Die Cast 
Shear Str., 1000 Psi.: Die Cast 


FABRICATING PROPERTIES 

Melting Range, F: 

Die Casting Temp., Range, F: 

Machinability: 

Joining Characteristics: 
Torch Welding 
Single Impulse Res. Welding 
Multiple Impulse Res. Welding 
Soldering 

Standard Finishes: 

Common Fabrication Processes: 


CORROSION RESISTANCE 


TYPICAL USES 


a 


Alloy XXIII* 


Alloy XXV* 


MATERIALS DATA SHEET 


| Zinc-Base Slush- 

Casting Alloy 

(Unbreakable 
Metal) * 


Zinc-Base 


Alloy* 





Al, 3.5-4.3 
Mg, 0.03-0.08 
Zn, remainder 


Al, 3.5-4.3 
Cu, 0.75-1.25 
Mg, 0.03-0.08 





Zn, remainder 
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0.2 0.24 
727.9 
5.3 


727.0 
62.9 
15.2x10~° 
0.10 
6.54 
1.17 


.) 
15.2x 107° 
0.10 
6.37 
1.17 


41.0 


10.0 7.0 
82 91 
43.0 48.0 
8.175 
87.0 
38.0 


6.875 
60.0 
31.0 


727.9-932.0 
740-800 


727.0-932.0 
740-800 


| 
| 
Slush-Casting | 


Al, 4.5-5.0 
Cu, 0.2-0.3 


| Al, 5.25-5.75 


Zn, remainder 


Zn, remainder 


Generally, these alloys have good machining characteristics. 


Poor to fair Poor to fair 
Poor Poor 
Fair to good | Fair to good 
Poor * | Poor* 


Mechanical, 


electrodeposited, chemical and organic 


Welding, soldering, machining 


Riveting, spinning, cold swaging 


Excellent resistance to both metropolitan and rural atmospheric corrosion; 
| to hot soapy water, printing ink, trichlorethylene, carbon tetrachloride, 
| dry illuminating gas and moistureless, acid-free hydrocarbons. Fair resis- 

tance to pure ethyl and methyl alcohols, glycerine, water, petroleum prod- 

ucts. Poor resistance to steam, spray insecticides, animal oils, strong acids 
and bases, and mixtures of glycerine or alcohol and water. 


Penetration in in. per year in Palmerton, 
| Pa. and New York City, respectively. 


0.000078, 0.00022 | 0.000063, 0.00028 | 


| Automotive parts; household utensils, 

office equipment, building hardware, 
padlocks, toys and novelties. 

Drop hammer dies 

for sand castings. 


For all slush and permanent mold 
castings, principally in the man- 
ufacture of lighting fixtures. 





These al/ 
Mechanice 


GQuse « 


conjorm to A.S.7.M. designation B8&6-49. 


properties of die cast alloys are based on a “%-in. section; those chill cast on a Ys-in. 


, section. 





their limited use, little data are available on these alloys. 


mium-cinc and lead-tin solders diffuse into the casting, promoting subsurface attack. Castings must be nickel-plated to be joined by lead-tin solder 


Prepared with the assistance of The New Jersey Zinc Co. 
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Rubber-Fiex collet 
made by The Jacobs 
Manufacturing Co., 
Hartford, Conn. 





EN who know lathes say the 

new Jacobs Spindle Nose Lathe 
Collet Chuck is a world-beater. And 
one of the important reasons for its 
success is the Rubber-Flex collet—in 
which Hycar American rubber is a 
vital part. 

This collet, pictured above, is made 
of hardened steel jaws bonded and 
mechanically locked together with 
Hycar. Each collet has a full %” grip- 
ping capacity—making it possible 
for one Rubber-Flex collet to cover 
the range of eight split steel collets! 

Here’s why Hycar is fundamental 
in the chuck design: the rubber in the 
collet has to have excellent resistance 


B. F. Goodrich Chemical Company ...'2: 


GEON polyvinyl materials e HYCAR American rubber e GOOD-RITE chemicals and plasticizers 
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Does the work of 8 collets 
oe with HYCAR’S help! 


to heat and to the deteriorating effects 
of coolants and cutting compounds. 
On both counts, Hycar fills the bill 
perfectly. 

Another important point: Hycar’s 
resistance to compression set makes 
it possible for the molded rubber to 
take all of the flexing action. Under 
tests—over four million individual 


H 





Ambien 7, phew 


ye 


openings and closings—there was 
breakdown in the Hycar rubber 
separation from the steel collet jaw 
You can see what that means in lot 
collet life under heavy duty use. 
Use of Hycar in this unusual coll 
is another in a long series of prod 
successes. For versatile Hycar is us 
as a base material . . . as a plasticia 
for polyvinyl resins . . . as a modifi 
for phenolic resins . . . as an adhest 
base ... as a latex for coating orif 
pregnating. Find out how Hycar® 
help you develop or improve prim 
ucts, profitably. Just write Dept. H0 
B. F. Goodrich Chemical Compal 
Rose Building, Cleveland 15, Obi! 
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MATERIALS DATA SHEET 


Wrought Zine Alloys 


Typical Properties 





Type 


Commercial | 

Rolled Zinc 

(Deep-Drawing | 
Zinc) 


Commercial 
Rolled Zinc 


Commercial 
Rolled Zinc 


Copper Hard- 
ened Rolled 
Zinc Alloy 


Rolled Zinc Alloy 





COMPOSITION, % 





Pb, 0.10 max. | 


Zn, remainder | 
? | Zn, remainder 





PHYSICAL PROPERTIES 
Density, Lb./Cu. In. 
Melting Point, F 


Thermal Cond. Btu./Hr./Sq. Ft./Ft./F, 


@ 64 F 
Coeff. of Exp. per F: 
With Grain 
Across Grain 
Spec. Ht., Btu./Lb./F (68-212 F) 
Elect. Res., 
Hot Rolled 
Cold Rolled 





MECHANICAL PROPERTIES 

Tensile Str., 1000 Psi.:* 

Hot Rolled 

Cold Rolled 
Elongation in 2 In., 

Hot Rolled 

Cold Rolled 
Hardness, Bhn.: 

Hot Rolled 

Cold Rolled 


%:* 


Fatigue Str. (End. Limit), 1000 Psi.: 


Hot Rolled 


Microhm-Cm. @ 68 F: 








FABRICATING PROPERTIES 
Hot Working Temp. Range, F 
Melting Range, F 
Ingot Casting Range, F 
Annealing Temp., F 
Machinability: 
Joining Characteristics: 
Torch Welding 
Single Impulse Res. Welding 
Multiple Impulse Res. Welding 
Soldering 
Common Fabrication Processes: 





CORROSION RESISTANCE 


| COMMONLY AVAILABLE FORMS 3 


TYPICAL t USES 


0.258 
786 


62.2 
18.1x 10~° 
12.8x10~° 

0.094 


6.06 
6.10 


19.5, 23.0 
21.0, 27.0 


65, 50 
50, 40 


38 


2.5 


248-527 
887-977 
815-905 


Pb, 0.05-0.10 
Cd, 0.05-0.08 





Pb, 0.25-0.50 
Cd, 0.25-0.45 
Zn, remainder 





Cu, 0.85-1.25 


Zn, remainder 


eerste 





0.258 
786 


62.2 


18.1 x 107° 
12.8x10~° 


248-527 
887-977 
815-905 


0.258 
786 


18.8 x 10~° 
13.0x10~° 
0.094 


248-437 

887-977 

815-905 
221 





0.259 
792 


0.0957 


52 


6.1 


Cu, 0.85-1.25 
Mg, 0.006-0.016 
Zn, remainder 


0.259 





447-572 

887-977 

815-905 
347 


815- 5.905 
347 


Generally, these alloys have good machining characteristics. 


Poor to fair 
Poor 
Fair to good 
Good 


Poor to fair 
Poor 
Fair to good 
Good 


Poor to fair 
Poor 


Fair to good | 


Good 


Poor to fair 
Poor 
Fair to good 
Good 


Drawing, bending, roll forming. 
Spinning, swaging, impact ex- 
trusion. 


| Swaging, 
| pact extrusion 


im- | 


| Spinning, 
swaging 





Poor to fair 
Poor 
Fair to good 
Good 


Excellent resistance to both metropolitan and rural atmospheric corrosion (penetration 
in in. per year is 0.000064 in Palmerton, Pa. and 0.00028 in New York City); 
| soapy water, printing ink, trichlorethylene, carbon tetrachloride, dry illuminating gas 
| and moistureless, acid-free hydrocarbons. Fair resistance to pure ethyl and methyl 


to hot 


alcohols, glycerine, water, petroleum products. Poor resistance to steam, spray insecti- 


Rolled strip and sheet, extruded rod and shapes, drawn tod and wire. 


cides, animal oils, strong acids and bases, and mixtures of glycerine or alcohol and water. 





| not 
| stiffness. 


Drawn battery 


cans, eyelets, 


grommets, laundry tags, address 
plates, flashing. 


| Generally any | 
| drawn, formed 


or spun article 
requiring | 


Generally any 
drawn, formed 
or spun article 


Plates and strip 
for soldered 
battery cans, 
photoengrav- 
| ers and lithog- 


| raphers sheet. | 
| requiring some 
| rigidity. 


| 


Weather strip, 


| Corrugated 


name plates, | 


ferrules, and 
| drawn, formed 
or spun articles 
requiring stiff- 
ness. 


} 


| 


roof- 
ing, and flat, 
drawn or mildly- 
formed articles re- 
quiring maximum 
stiffness. 





oO figures separated by a comma are given, the first represents strength in direction 


parallel to the grain; 


Prepared with the assistance of The New Jersey Zinc Co. 


the second, perpendicular to grain. 
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New Plastic Coating Compounds 





Fora 
DEFY HARD, CORROSIVE SERVICE! i in 
... provide tough, thick coatings that have bright 


elasticity and high chemical resistance 





SUGGESTED USES: Parts and surfaces 
of equipment exposed to strong chemical 
attack. 


Unichrome “4000 Series” Compounds, 
a group of vinyl-base liquids and 
pastes, are easily applied to metals. 
When baked into solid form, the 
unique combination of properties of 
these plastisols and organosols as- 
sures long service under severest 
conditions. 


Often, Unichrome “4000 Series” 
Compounds will enable you to use 
lighter or less costly metals for parts 
requiring resistance to many of the 
strongest corrosives. Mineral acids 
(some up to 50% concentration) for 
example. Also oils, alkalies, salts, 
water. Even such active oxidants as 
chromic acid. The coatings do not 


“bumping.” Important, too, is their 
workability. Spraying or dipping 
gives you a coating from .003” to 4,4”, 
depending on method of application, 
with only one application. 


One more point. The physical prop- 
erties of these compounds can be 
modified from soft and elastic to rela- 
tively hard and rigid. So if you want 
a coating compound to meet your 
specifications —on corrosion resis- 
tance, on resilience, on method of ap- 
plication — contact headquarters for 
“Coatings for Metals.” Tell us your 
requirements. 





Trade Mark 


UNITED CHROMIUM, INCORPORATED 





Because it gives zinc plate a brillian 
lustre, protects it from corrosion, ani 
costs so little, Unichrome Dip Finish js 
being used extensively on refrigerate 
shelves today...as well as on other wir 
goods, die castings, screws, nuts, bolts 





New primer 
for magnesium 


and aluminum 


Hard-to-coat metals such as 
magnesium and aluminum get 
a finish that really sticks 
when coated with Unichrome 
Primer AP-10. Not only does 





this organic primer promote 
adhesion, but it also provides 
extra corrosion-resistance 
and increases durability of 
top coats used. 
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New Materials and Equipment 


High-Purity Vanadium 


High-purity, ductile vanadium metal is 
now available in limited quantities for 
fabrication and use by the metal industry 
from the Electro Metallurgical Div. of 
Union Carbide & Carbon Corp. The metal 
is said to average above 99.89% vanadium, 
and can be obtained in ingots, bars, sheet, 
foil, and in the form of chips for remelting 


New high-purity vanadium metal is now 

available in the form of ingots, plates, bars, 

heet and strips, as well as chips for re- 
melting. 


into ingots of special sizes and shapes. 

Pure vanadium has good corrosion re- 
sistance, high tensile strength and excellent 
ductility. It is highly resistant to corrosion 
by salt spray, sea water and reducing acids 
in moderate concentrations, and tests to 
date indicate that it has good anti-fouling 
characteristics. 

Vanadium metal has a modulus of elas- 
ticity of about 22 million psi. and a density 
of 6.1 per cu. cm. In ingot form, it can 
be hot-rolled at temperatures between 1475 
and 2100 F. Rolling practice, with respect 


{0 passes and reduction, follows that es- 
tahlicl 
aD 11S Phe 


for austenitic stainless steels. Sheet 


Materials 





bar stock does not work-harden appreciably 
even during cold working and can be 
rolled to a sheet having a thickness of 
0.020 in. In fact, it is claimed that a reduc- 
tion of 85% can be made without inter- 
mediate annealing. 

The machinability of vanadium is about 
the same as that of cold-rolled steel. High 
cutting speeds can be used to produce good 
surface finishes on this free cutting and 
easily-machinable metal. 

Vanadium has good workability and can 
be formed, bent, stamped and pressed in 
the usual manner. Possessing good welding 
characteristics, it can be welded by the 
Heliarc process, using an argon atmosphere 
for shielding. 


Nickel-Clad Wire 


Said to combine durability and toughness 
with good electrical characteristics, a wire 
composed of a copper core and an outer 
layer of nickel, which comprises one-third 
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General 


of the wire’s cross-section, is being pro- 
duced by Alloy Metal Wire Co., Inc., Pros- 
pect Park, Pa. 

Outstanding advantages of nickel-clad 
copper conductor are claimed to be its 
strength, corrosion resistance, and resistance 
to high temperature failure. Its electrical 
conductivity is 70% that of copper alone. 

Nickel-clad copper is already used for 
lead wires, electronic tubes, electrical ap- 
pliances, infra-red drying ovens, electrical 
resistance and induction furnaces, and con- 
necting lines between power supply and 
electric equipment where high temperatures 
would oxidize other commonly used metals. 
Excellent corrosion resistance is said to 
make it ideal for fixture wire in chemical 
plants, refineries, plating, and pickling de- 
partments. 

The conductor is available in rods from 
0.031- to 4-in. dia. and in round and flat 
wire, coils or spools, solid or stranded, in 
all standard sizes. 


Insulating Material 


Originally developed for use in jet en- 
gines and tail pipes, a new high silica con- 
tent, all mineral insulation is now available 
to all industries from the H. I. Thompson 
Co., 1733 Cordova St., Los Angeles 7 

Called Refrasil, the insulation is said to 
withstand temperatures of 2000 F indefi- 
nitely, and as much as 500 F higher for 
periods of short duration. Another ad- 
vantage claimed for Refrasil is extreme 
chemical stability. It is unaffected by ordi- 
nary acids and can be placed in contact with 
metal surfaces at 2000 F for an indefinite 
period without chemical union. 

Refrasil is available in bolts, cloths, 
tapes, sleevings, cordage and loose fiber, 
and in prefabricated blankets or other ap- 



















plications, either with or without foils and 
other reflecting, insulating or binding ma- 
terials. 


Silicone-Coated Acrylic Fabric 


One of the newest industrial materials 
made from du Pont’s new fabric, Orlon, 
is the Cohrlastic 3500 series of silicone 
rubber-coated Orlon, fabricated by the 
Connecticut Hard Rubber Co., 407 East 
St., New Haven 9, Conn. 

Properties of Cohrlastic 3500—imperme- 
ability, heat and cold resistance, good di- 
electric strength and high tensile strength— 
indicate its use in many industrial appli- 
cations. But it is said to be so outstanding 
as a diaphragm material that practically all 
of the material made to date has gone into 
that field. These diaphragms may be flat or 
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quipment 





Cobrlastic 3500 is supplied as a fabric or 
in the form of finished diaphragms, as 
shown bere. 


convoluted, are light and strong, and oper- 
ate from -75 to 300 F. More important, 
they are extremely flexible, have a long flex 
life, and are said to be particularly useful 
where pressure differentials are low and 
quick response to a slight change is desired. 





Parts & Forms 





Silicone Rubber Parts 


A large variety of molded, extruded, 
punched and lathe or die-cut parts fabri- 
cated from the new Silicone 161 rubber 
compound is now available from the Stal- 
wart Rubber Co., 165 Northfield Rd., Bed- 
ford, Ohio. Because this new compound can 
be fabricated more quickly and easily than 
previously developed silicone rubber, the 
cost of production parts is said to have been 
considerably reduced. 

Silicone 161 rubber parts have a tensile 
strength of from 470 to 520 psi., elongation 
of 110 to 160%, and a specific gravity of 
2.1. These parts will not become brittle 
and crack after long exposure to air, ultra- 
violet rays, or ozone. Used to replace metal 
constructions which have been required be- 


cause of limited thermal stability of organic 
rubber, the parts are claimed to resist car- 
bonization under the influence of extreme 
heat. 





Shown above are only a few of the large 
variety of Silicone 161 rubber parts now 
available to industry. 











Saran-Lined Valves 


Saran-lined Grinnell-Saunders diaphragy 
valves for handling corrosive fluids and 
gases have been developed by the Dow 
Chemical Co. of Midland, Mich. 

Special castings designed for the Purpose 
are lined with B-115 saran, the same Mate. 
rial used in saran lined pipe and fittings 
Although furnished normally with diy, 
phragms of Saran rubber, diaphragms 9 
natural rubber, Neoprene, butyl, Hycar and 
white Neoprene are supplied optionally fo, 
special conditions. 

Available in sizes from 1 to 6 in, jp. 
clusive, the valves have flanged ends anj 
are usually equipped for hand-wheel oper. 
tion, although quick-opening lever oper. 
ators, electric motor and air motor operatoy 
are readily available. 

The valves are distributed by Saran Lined 
Pipe Co., 2415 Burdette Ave., Ferndale 20, 
Mich. 


Pressed-Fit Pin 


The Rollpin, a new product of Elasti; 
Stop Nut Corp., 2330 Vauxhall Rd., Union, 
N. J., is an all-purpose pressed-fit pin 
which introduces a new idea of design and 
application in metal fasteners. A self-lock 
ing pin with chamfered ends, the Rollpin 





In this feed tube finger clutch assembly for 
single- and multi-spindle automatic screw 
machines, the Rollpin holds the actuatin 
finger in place. The finger and Rollpin a 
shown, disassembled, at the right. 


has been engineered to replace the varict) 
of dowel, pivot, tapered and grooved pis 
which ordinarily requife a key or some sup 
plementary method to hold them in place 

Use of the pin is claimed to make po 
sible greatly simplified industrial desigo © 
such varied equipment as an ordinal) 


tacker, the lubrication pump assembly of 4 


diesel engine, the vent window handle © 
an automobile, or an important assembly !" 
a 35-mm. projector for television. 


Actually, the Rollpin is a piece of met 
rolled into the shape of a hollow cylind 
with a gap or slot which parallels the 4" 


Both ends of the cylinder are chamfered, 


beveled, so the pin can be driven and om 
pressed into a hole that is, by cesié 
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COOPER-BESSEMER DIESELS 












. ELLIOTT-BUCHI TURBOCHARGERS 
. MEEHANITE, CASTINGS 


, in. 

and 
era. 
>per- 
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> 20, 





lastic 
nion 

pin 
| and 


| 
aa. 4 EFFICIENCY 


) ASSURE \DEPENDABILITY American Brake Shoe Co...... cc sccsesceseeeeees Mahwah, New Jersey 
ul The American Laundry Machinery Co.............. Rochester, New York 


Take Your Casting Problems 
to a MEEHANITE Foundry! 
































a ho Ab 6 baboons Ose eebe Sed ¢ éFOD EC OCHS Detroit, Michigan 
_— A DUNS CUE WINS eres cee Ceca e ves ceresccccoses St. Louis, Missouri 
— = —_ GUALIT ¥ Barnett Foundry & Machine Co.........-5.eeeeeee Irvington, New Jersey 
L ee eee Hastings, Mich. and Toledo, O. 
INS a woe é Sbdonede chee ete Providence, Rhode Island 
»C % S L in as Dies neine equi ed i rs es cc ewes aebeenseneseen Birmingham, Alabama 
The Cooper Bes _ 16 cyl der & : el e § q PP Crawford & Doherty Foundry Co............200e eens Portland, Oregon 
with Elliott-Buchi Turbochargers provides a power combina- The Cooper-Bessemer Corp...... Mt. Vernon, Ohio and Grove City, Pa. 
; : ‘ ‘ ; ‘ d d d Deeeerreuens Ge, TRG... cccicccesweceviosee Ansonia, Connecticut 
tion which results in the last word ine ciency an epen a- Florence Pipe Foundry & Machine Co........ ....Florence, New Jersey 
, : a . foot f Fulton Foundry & Machine Co., Inc........-.-seeeees Cleveland, Ohio 
bility The unit delivers more horsepower ang ue © General Foundry & Manufacturing Co............55000- Flint, Michigan 
floorspace than any known comparable engine. ey ae ree oo nc uisaacweceead Chicago, Ilinois 
ly for . ; ‘ The Hamilton Foundry & Machine Co..................+.Hamilton, Ohio 
As manufacturers of this type of quality equipment the Johnstone Foundries, Inc.....-...-.s2.+.0+:. Grove City, Pennsylvania 
ttt . : Kanawha Manufacturing Co...............-. Charleston, West Virginia 
atin} designers and engineers of both the Elliott Company, Jeannette, —Keehring Co........-0-.00.. ccc ccccccccceceees Milwaukee, Wisconsin 
n ave o e . . . 
ba Pa. ; : tint : V ee rn «ns Gah oa ehes ss cc cviaavsé Los Angeles, California 
and The Cooper Bessemer Corporation, Mt. ernon, Ohio, 8 RRR RRS Af Sree Ty Orillia, Ontario 
recognize the importance of component materials ;—materials ESE RE SL RR ee ey Hamilton, Ontario 
ariet “ee ‘ ‘ ; . Pe PD Gln c 5 owe HEEEDEve cc cee Bridgewater, Massachusetts 
pins which can provide superior and dependable engineering char- Pohiman Foundry Co., Inc.........sseeeeeeseeeees Buffalo, New York 
— ere EN : . > : . I shen che hae 6.06 Od 00's dabe wa eens Menominee, Michigan 
* SUL acteé i. ° 
*- CLErISEICS and uniformity. For these reasons both companies Rosedale Foundry. & Machine Co............... Pittsburgh, Pennsylvania 
ms manufacture Meehanite castings and use them for such im- Ross-Meehan Foundries. ..............-.0ee05- Chattanooga, Tennessee 
} pos ; See iO, . Hedvcscs.c¥enédnseoces c GHEb oe Kee Dover, Ohio 
on of portant parts as follows: Raley. GRUNT ONE. ok. cic w Sista un coc eek HM ks hand Indianapolis, Ind. 
inary pe 2 ee ee Worcester, Massachusetts 
. COOPER-BESSEMER DIESEL ELLIOTT-BUCHI TURBOCHARGER The Stearns-Roger Manufacturing Co........-........ Denver, Colorado 
nels Pistons ' ; Traylor Engineering & Mfg. Co...........+-5- Allentown, Pennsylvania 
le Cylinder Li Turbine Casings eee eee. Wee: 00. os o ce ks Wes 6 000 canbe St. Paul, Minnesota 
sly Cul; iners Back Plates Ce IMMUING I s coc on 00sec Pbbeweeve ceccceces Ockland, California 
BI 7 Heads Blower Casings Warren Foundry & Pipe Corporation. ... ....Phillipsburg, New Jersey 
locks, Centerfr Bases a 
re . e ames, base This advertisement sponsored by foundries listed above.'' 
inde [hose listed represent the more important castings upon 
axis Which performance and quality depend. Many others, less 
" parts,—in fact all iron castings are Meehanite metal 
esigt produced under Meehanite controlled processes. 


Study your designs and requirements and when you want 


to be swre—specify Meehanite castings. New Rochelle, N. Y. 
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ere is nothing finer than a Stromberg @accie 


USTEr-On 


helps make this true! 








Modern equipment 
and exacting con- 
trol methods con- 
tribute to Strom- 
berg-Carlson we. 
ity. Here 


Television Chassis 
Shields emerge 
from automatic 
plating machine. 
Note brilliant 
Luster-on finish. 








Brilliant — permanently impervious to finger marks, cor- 
rosion or other stains, the speaker frame, chassis and 
other parts of Stromberg-Carlson radio, telephone and 
television sets are visual testimonials to the new Luster-on 
Utility 25 Dip. 

Stromberg-Carlson’s selection of Luster-on for its zinc- 
plated parts is characteristic of its insistence that the 
product live up to its slogan. 

Luster-on Utility 25 can improve the appearance and 
life-expectancy of any zinc-plated product while sub- 
stantially reducing costs for any user of competitive 
bright dips or cadmium plate. 













Stromberg-Carlson Production Engi 
i neer Fred Ciambrone, shown with 
: Materials Engineer i me 
i Van Epps and his assistant, 
Edwin Wallin, says: “We 
agreed on Luster-on Utility 
25 for our zinc finish be- 
| cause it met our strictest 
requirements for salt spray 
corrosion resistance, gave 
a beautiful, clear brilliance, 
was fast, easy and reliable 
to use and offered us a new 
economy with high quality 
standards."’ 


Send for full details today on 


Hew MSTOL-ON Westie, 25 


Manufectured and distributed in Canada by 
Mie wwe, 6S — 


“> 27 Hillside Ave., Westmount 
/ Montreal 6, P.O. THE CHEMICAL CORPORATION { 
54 Waltham Ave., Springfield, Mass. j 


Please send me full particulars about 

g Luster- on Utility-25 for zinc-plated surfaces. 

I am (am not) sending sample for free dip. 
I No obligation, of course. 


‘ 

CORPORATION [ees | 

Firm eines [ 

54 Waltham Ave., Springfield 9, Mass. es - , 
= 














































New Materials 
and Equipment 


smaller than the diameter of the pip. The 
slot permits compression of the cylinder 4 
the pin is driven in, and the resulting tep, 
sion, caused by the constant pressure exerte) 
by the Rollpin against the walls of the hole 
is said to secure it in position against ¢. 
treme vibration and shock. 

Simply and rapidly inserted with hand 
tools or automatic jig assemblies, the Roll. 
pin retains its locking characteristics through 
repeated insertions, and its shear strength 
exceeds that of a solid cold rolled pin of 
equal diameter. 

Rollpins are made from SAE 1095 steel 
and Type 420 stainless steel, and although 
the standard Rollpin is not plated, plated 
finish may be specified. Pins are also made 
from beryllium copper, but are not geo. 
erally available from stock in this material, 


Seamless Aluminum Cable Sheathing 


A method for applying a seamless sheath- 
ing of aluminum to telephone and electric 
power cables has been developed by A/wmi- 
num Co. of America, Pittsburgh 19, Pa 
This new method involves the principle of 
cold reduction or swaging. 

Seamless aluminum sheathing for cable 
is said to be thinner, stronger and lighter 
in weight than the usual lead sheathing 
These advantages are obtained both because 
aluminum has about one-fourth the density 
of lead and because aluminum, with it 
higher yield and tensile strengths, can be 
applied in approximately one-half the thick 
ness required of lead. 

The new product is said to be softer and 
more flexible than similar aluminum sheath- 
ing produced previously. 


Chemical Process Resin Parts 


A new line of chemical proces 
ment, made of synthetic resins 1 ae 
signed to meet stringent corrosion resistant 
requirements, is being produced by ' 
General Ceramics & Steatite Corp., ©as°! 
N. J. 

Trade-named Kemplas, the ne 
ment is made of modified phen 
produced by Pennsylvania Salt | 
turing Co., 1337 Chestnut St., Phila — 

The resins are either cold cast lam 
nated with glass cloth and molded I 
sired shapes and are said to be particula!) 
suitable to form strong, dense astite 
where tensile strength is not an importa” 
factor, such as in pump volutes, impe 





MATERIALS & MET 











Close-up of tie plate and felt pad. The facilities 
of Grand Central Terminal are shared by The New 
York Central and the New York, New Haven & 
Hartford, two of America’s great railroads, serving 
our five plants. 


—_ 
» 
i 


R 


& Passengers who use the famous Grand Central 
Terminal in New York City never know that they are 
riding on felt, but such is the case. Felt pads are in- 
stalled under the tie plates that hold the rails to the ties. 
Felt is used here to lessen the transmission of vibration 
to the structure of the Terminal, which has tracks on 
two levels, one above the other. In this application, felt 
probably meets its most severe test in vibration control. 
Another function of the felt is to reduce noise. Felt by 
American serves perfectly here, and lasts amazingly 
long, even under loads running as high as 25,000 pounds 
on each electric locomotive driving wheel. Replace- 
ments have been due chiefly to changes in rails and 
in tie plate design — the felt in some cases actually lasts 
as long as the steel rails! ...If you have a problem in 
vibration control, get in touch with American Felt or 
any of its Sales Offices. 


s* PIO 


American 
Com 


TRADE 


felt 
vy 


MARK 


GENERAL OFFICES: 24 GLENVILLE RD., GLEN- 
VILLE, CONN.—ENGINEERING AND RESEARCH 
LABORATORIES: GLENVILLE, CONN.—PLANTS: 
Glenville, Conn.; Franklin, Mass.; Newburgh, 
N. Y.; Detroit, Mich.; Westerly, R. 1.—SALES 
OFFICES: New York, Boston, iieene. Detroit, 
Cleveland, Rochester, Philadelphia, St. Lovis, 
Atlanta, Dallas, San Francisco, Los Angeles, 
Portland, Seattle, Montreol. 














HOW CAN YOU TEST 
THE HARDNESS OF... 





e a .003” diameter wire? 


eee parts weighing hundreds of 
pounds? 


eee sheets only .001” thick? 


ee internal surfaces of cylinders? 


eee individual constituents of 
alloys? 


eee gear teeth on the pitch line? 


Simple, every-day jobs with 
WILSON HARDNESS TESTING EQUIPMENT 










Dn a ee 


IKON — for micro-indentation hardness testing with 
either Knoop or 136° Diamond Pyramid Indenter. 
Made in 3 models to cover the full range of Micro and 
Macro Hardness testing with loads from 1 to 50,000 


grams. 





“ROCKWELL” 
HARDNESS TESTER devel- 
oped and made only by 
Wilson. For laboratory, 
toolroom or production line 
testing. Vertical capacities 
from 3%” to 16”. Motor- 
ized models available. 






TUKON TESTER F | 
o —~ ¢] 
MICROHARDNESS TESTING 














“ROCKWELL” Superficial HARDNESS TESTER 


—especially suited for testing thin material, nitrided or 
lightly carburized steel and areas too small for regular 
“ROCKWELL” Hardness Tests. Depth of indentation 
.005” or less. Satisfactory for general testing where surfaces 
are smooth and materials homogeneous. 





ACCESSORIES “‘BRALE” is the only diamond 
indenter made to Wilson’s precision 
standards. * T’'EST BLOCKS—enable 
you to keep your instrument “‘Lab- 
oratory” accurate. « EQUITRON— 
fixture provides means for accu- 
rately positioning test samples. « 
ADAPTER—permits testing inner 
cylindrical surfaces with unim- 
paired accuracy. * WORK SupP- 
PORTS—facilitate testing of vari- 
ously shaped rod stock, tubing 
or irregular shapes. 















AN ASSOCIATE COMPANY OF AMERICAN CHAIN & CABLE COMPANY, INC. 
230-E PARK AVENUE, NEW YORK 17, N. Y. 
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New Materials 
and Equipment 


and some pipe fittings. In addition, q 
resins are said to be completely stable up tp 
370 F, although the recommended may). 
mum operating temperature is 350 Ff. 

Equipment made of the material is capy. 
ble of withstanding all atmospheric gop. 
ditions and can operate under a wide range 
of temperatures without being subject tp 
thermal shock, according to the manufa. 
turer. 


Teflon Molded Parts 


Certain of the design limitations formerly 
placed on Teflon moldings have been over- 
come by new molding techniques developed 
by the Connecticut Hard Rubber Co., 407 
East St., New Haven 9, Conn. 

These techniques give greater density 
less porosity, and permit molding of large 


Shown above are some of the new Teflon 
molded parts made possible by new moli- 


ing techniques. 


and rather thin pieces to closer dimension: 
than previously attained, according to the 
manufacturer. 

Teflon’s ability to operate within the 
temperature range of —100 to 265 F and 0 
resist practically all chemicals makes it a0 
ideal material for gaskets and seals in chem- 
ical and petroleum plants, in diesel and 
aircraft engines, and wherever difficult op 
erating conditions exist. 


Chemical Dipper 


A greatly increased safety 
handling corrosive liquids is made p 
by a new type dipper for use with a 
of chemicals, according to the manufacture! 
Stokes Molded Products, Inc., Tret 
N. J. | 

Made of Stokolite L-44 compound, whic 
has a base of virgin rubber, the new «'ppC’ 
is streamlined for lightness and has 20 ¢ 
cient pouring lip and a_ well-reinforce 
handle. The nature of the material gives " 
unusually high resistance to shock, abrasi0® 


factot 
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Versatile Tools 


FOR 






spectrochemical 






analysis... 





For studies of the information carried by of sensitivity, contrast, and granularity. 





light, Kodak offers more than a hundred Eighteen kinds of spectral sensitization 









different varieties of spectroscopic plates provide sensitivity regions everywhere 


and films. Ten emulsion types offer choices in the range from 240myz to 1200mu. 


For general spectrum analysis in the range from 
h 240mu to 440myz, two emulsions are particularly useful: 
Kodak Spectrum Analysis No. 2 


Emulsion is preferred for trace 
detection. 


Kodak Spectrum Analysis No. 1 
Emulsion is designed for precision in 
quantitative analysis. 


It has higher contrast than the usual process It has lower contrast, higher speed, wider 





plates and films, low background density, low 
granularity. It can be processed in two and 
one-half minutes, dry and ready to read. 


Pp these materials and others are described in a new booklet, 
“Sensitized Materials for the Scientific and Industrial Lab- 


oratory.” Write for a copy. 


EASTMAN KODAK COMPANY 


Industrial Photographic Division 
Rochester 4, N.Y. 


latitude. Its more uniform contrast over the 
240mu-440mu range permits fewer calibra- 
tion lines in approximate quantitative work. 
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HYDROGEN 


THE BARRETT DIVISION 





MEET AMMONIA’S 


— 











LOW-COST LOW-COST 


SS 





FROM DISSOCIATED AMMONIA 


Each cylinder or tank car of Barrett Standard Anhydrous 
Ammonia (REFRIGERATION GRADE) is a low-cost source of two 
gases— HYDROGEN and NITROGEN. When dissociated, 
one pound produces approximately 34 cubic feet of hydrogen 
and 11 cubic feet of nitrogen. 

You save money by using dissociated ammonia in the pro- 
duction of controlled atmospheres in furnaces for bright 
annealing, clean hardening, copper brazing, sintering, reduc- 
tion of metallic oxides, atomic hydrogen welding, radio tube 
sealing and other metal-treating practices. 

Anhydrous ammonia also has unsurpassed qualities in the 
nitriding of steel, used as ammonia gas or dissociated. 


Barrett Standard Anhydrous Ammonia is available in 150, 
100 and 50-pound cylinders from stock points conveniently 
located from coast to coast; or, for larger users, in tank car 
shipments from Hopewell, Virginia, and South Point, Ohio. 
The advice and assistance of Barrett technical men are 
readily available. For information, contact Barrett, America’s 
leading distributor of ammonia. 


ALLIED CHEMICAL & DYE CORPORATION 


40 RECTOR STREET, NEW YORK 6, N. Y. 
*Reg. U. S. Pat. Off. 
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heat, and chemical corrosion—which js 
said to render it practically indestructible. 

Chemicals with which it has been success. 
fully tested for corrosion resistance are said 
to include an extensive list of acids, salts, 
bases and organic materials under varied 
atmospheric and temperature conditions, r 


Tote Boxes 


A stacking and nesting tote box that js 
formed in one seamless piece from Royalite 


thermoplastic material is now available | 
from United States Rubber Co., Rockefeller | 
Center, New York 20. Handles are formed f 
into the roll of the upper lip so that the ¢ 
tote box can be picked up from any side igs 


and all corners are rounded. 

The Royalite tote box is designed for 
criss-cross stacking, enabling the contents of ex 
each to be seen even when stacked. Ade- i 
quate locking prevents the boxes from slip- 
ping or sliding from the stack. \ 

Requiring little space, the tote boxes are 

light, easy to handle, and easy to clean. 
They are claimed to be extremely tough, 
acid resistant and non-toxic, with high re- 
sistance to impact and low water absorption 
—less than one-half of 1%. 

In addition to use by industrial plants 
the tote boxes are said to be practical for 
such varied applications as meat packing, 
dish boxes for restaurants and hotels, and 
acid tanks. 


Coatings & Finishes 





Bonding Primer 


A quick-drying and flexible primer (0 
all metal finishes has been developed 
Michigan Chrome & Chemical Co., 635° 
E. Jefferson Ave., Detroit 7. Called Micct 
loid Primer, it is said to provide maximum 
adhesion on metals such as brass, tin, |¢ad, T 
galvanized metal, zinc, steel, cadmium, mas 
nesium, aluminum and bronze. 

The primer, acting as a rust in! 
protects metal before painting by f 
insoluble phosphates at the metal surface, 
and is also used as a metal-surface-cond! 
tioning agent to replace conventiona: acc 
wash coats. It can be applied by sprayins: 
dipping or brushing. 


DI 
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TURBO 
COMPRESSOR 
APPLICATIONS 


e Ask for the Spencer Turbo Data Book Md 
and any of the bulletins mentioned. 
BULLETIN No. 127 
fear it, Treating a) ae 
BULLETIN No. 126 SPENCER z = gz: 
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See Spencer at 
Booth No. 1019 
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Life of Coal Pulverizer Pegs 


increased 6 times 
by Wear-Resistant Carboloy 


.-. and they’re still going strong! 


TEEL couldn’t stand the grind when 
ss it came to pulverizing “soft” coal. 
When an industrial stoker manufac- 
turer used steel “pegs” on rotary coal 
pulverizers, they had to be replaced 
after handling only 3,500 tons. 


Then he switched to “pegs” faced 
with Carboloy Cemented Carbide. 
After pulverizing 22,000 tons—more 
than 6 times as much as steel—they 
were still going strong and showed 
no appreciable wear. 


Everyone gained through this 
change to Carboloy. The stoker manu- 
facturer came up with a powerful, 
new selling point. Users saved time 
and money through continuous oper- 
ation of boilers. There were no shut- 


downs to replace “‘pegs’’, no time was 
lost for maintenance. 


Carboloy is working similar wear- 
proofing miracles in dozens of 
industries. This hardest metal made 
by man was developed specially to 
combat wear. In some cases it has 
increased the life of machine parts or 
products by as much as 100 times. 


There’s a good chance that Carboloy 
can eliminate costly downtime and 
parts replacement in your machines, 
or add extra life and efficiency to 
your products. Write today and arrange 
for a Carboloy engineer to call and 
talk things over. Carboloy Company, 
Inc., 11161 E. 8 Mile Ave., Detroit 
32, Michigan. 


Where Can You Use These Outstanding Characteristics of Carboloy? 


. Hardness 
Compressive strength 
. Abrasion resistance 
Corrosion resistance 

. High red hardness 


. Low coefficient of thermal 
expansion 


7. High modulus of elasticity 

8. Impact strength 

9. High density 

10. High polish retention 

11. Low electrical conductivity 
12. Non-magnetic (if desired) 


need, not he 


WHEREVER THERE'S MOTION THERE ADS WEAR 





' CARBOLO 
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CEMENTED CARBIDE. 


The Versatile Metal of Industry 
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Varnish Resin 


















New Materials 
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Modiphat 345, a new varnish resin whi¢ 
is a pentaerythritol ester of resin, fatty xij 
and maleic anhydride, is being introduc 
to industry by General Mills Research Laly, 
ratories, 2010 E. Hennepin Ave., Minne. 
apolis 13, Minn. 

When heated slightly, the new resin j 
said to disperse rapidly in oil, Producing 
rapid-drying varnishes that yield hari 
tough films with excellent color and ». 
sistance to water and alkali. Modiphat 345 
is compatible with dehydrated castor ojj 
linseed and tung oils, and effectively r. 
moves the aftertack of dehydrated casty 
oils with which it is used, according to the 
manufacturer. It is also compatible with the 
phenolics, modified phenolics, and rosiy 
esters. 

Although soluble in ethyl acetate, benzo) 
toluol, xylol and mineral spirits at 68 F an/ 
at boiling temperature, it is insoluble ip 
ethyl alcohol under these same condition; 
























Zinc Bright Dip 


Impressive savings with brighter ap 
pearance and more uniform results are aé- 
vantages claimed by The Chemical Cor), 
54 Waltham Ave., Springfield 9, Mass., for 
its Luster-On Utility-15 zinc bright dip. 

This new product can be diluted as much 
as ten or more times, replenished with the 
same solution, and still remain exceptionally 
stable, according to the manufacturer. With 
it, work can be handled on racks or by bulk 
dipping, with exceptional uniformity an 
freedom from _ iridescence. No noxious 
fumes are released during the dipping, ani 
no exhaust is required. 


Cleaning & Finishing 





Plastic Dip Tank 


D. Cc. Cooper Co.. 1467 S. M ichigao 
Ave., Chicago 5, has developed a % 
plastic dip tank for use in coating spare 
parts for storage and export shipment 

Designed especially for heating cellulos 
acetate-butyrate, ethyl-cellulose strip © 
ings and similar compounds requiring high 
temperature, the tank is sturdily construct 
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An imaginative 
automotive 


engineer used 


conenut rubber 


to keep rattles 
and weather out 
for greater 


driving pleasure 


Spongex forms shown are from molds designed 
by us and owned by our customers. As such 
they are not offered for sale. Similar products 
can be molded to your requirements in 


molds designed for you. 


BULLETIN ON SPONGE RUBBER AVAILABLE ON REQUEST 


Suppose your car doors shut metal to metal! 
What a crash when you slammed them. 
What squeaks, rattles and groans as you drove 
along! And you’d get wet. You would 


freeze. It would always be drafty. 


But a sponge rubber product seals out drafts, 
temperature and moisture . .. cushions shock 
and vibration . . . absorbs noise. Doors shut 
snugly and quietly, slam after slam after slam. 

If you have a vibration, insulation, 
cushioning, gasketing, sealing or sound 
damping problem, think about Spongex. 
Cellular rubber does not become a “product” 
until you make it one in your application. 


We welcome new problems. 


Ilustration below—The vertical cord is 
decorative and functional. This fabric covered 
Spongex cord seals out drafts. 

On door and body are Spongex pieces 
molded around metal to afford reinforcement, 


rigidity and mechanical fastening. 


The World’s Largest Specialists in Cellular Rubber 
THE SPONGE RUBBER PRODUCTS COMPANY 


303 Derby Place, Shelton, Conn. 
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you 
benefit 
by 


THE CENTURY OF EXPERIENCE 
BEHIND B&J FASTENINGS 


Slotted or Phillips head machine screws, 
wood screws, stove bolts, tapping 
screws, special headed products; nuts, 
rivets, chaplets, wire forms, screw ma- 
chine products . . . in steel, stainless 
steel, copper, brass, bronze, everdur, 
nickel, nickel silver, monel, alumi- 


num... 


WRITE FOR catalog of complete 
line of Blake & Johnson fastenings. 
Address Dept. MM-10. 


THE BLAKE & JOHNSON COMPANY, WATERVILLE 48, CONN. 
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and heavily insulated for economy 
safety. Electric heating elements of 
temperature sheath are said to be so 
on the tank as to distribute heat evenly 
economically throughout, affording upif 
temperature without overheating, scord 
or deterioration of the compound. 

Where slow agitation is required 
tank is equipped with a special by 
agitator for slowly mixing molten , 
pound. A safety device prevents the agit 
from operating until the compoun 
sufficiently molten. 


Tungsten Carbide Sizing Balls 


Tungsten carbide balls in sizes { 
1/32 to 3 in. im dia. are available { 
Industrial Tectonics, Inc., Ann 
Mich., for accurate sizing of inter 
ameters. 

Extreme hardness, high surface | 


















Tungsten carbide sizing balls are sai 

provide accurate size control inte 

diameters in addition to lou 
costs. 


























and compression strength of 


are said to result in excellent surface ™ 
and good size control and uniformi\ 
the finished part. 

Ball burnishing permits inexpe® 
tomatic production layouts, emp!oy!é 
or hopper feeds for the parts an¢ ° 
circulating set-up for the tungsten @* 
balls. Even for large volume productio® 
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UPSETTING 


ELECTRUNITE TUBING 
.-- lakes it with ease 


There’s a mighty good reason why ELECTRUNITE Tubing stands out for 
forming operations like these. It’s Republics ELECTRUNITE Process in 
which highest quality flat rolled steel is cold formed and welded into strong, 
sound tubing. As a result every length is uniform throughout—in roundness, 
diameter, wall thickness and ductility . . . free from defect, inside and out. 


Republic ELECTRUNITE Tubing is produced in a full range of sizes, gages 
and analyses— both carbon and stainless steels. See your nearest Steel and 
Tubes Representative or write today for a free copy of booklet No. 22. 


REPUBLIC STEEL CORPORATION 
STEEL AND TUBES DIVISION « CLEVELAND 8, OHIO 
Export Department: Chrysler Building, New York 17, N.Y. 
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meeting these 
at 








in designing new equipment? 


Fight them with 
LINDE Synthetic Sapphire! 
















LINDE synthetic sapphire is characterized by a 
low coefficient of friction, high melting point and 
hardness, and unusual chemical resistance. Applied 
in many diverse problems, if has paved the way 
for a longer trouble-free life, for both small and 
large parts. 


Economical to fabricate, valuable uses for this 
material are constantly being developed. A few 
of the many applications to new equipment 
include: precision balls, sleeve bearings, rods, 
and orifices. 


Call or write any LINDE office for detailed 
information on your specific design problems. 








CORROSION 




















Chemical Composition ......... Al.O, 
Hardness, Knoop’s............ 1525-1660 
Melting Point................ 2030°C, 
Dielectric Constant............ 7.5-10 
Coefficient of Friction ......... 0.140 
(Steel pivot on sapphire ring) (0.160 graphite) 
Chemical Resistance Inert to common acids, 
30% NaOH at 80°C., 
and HF at 300°C. 


THE LINDE AIR PRODUCTS COMPANY 


OT Ti Mol Mm Lillo) Gola oliol-Mels lem @elgelelsii Mela elelgelilels 


30 E. 42nd St., New York 17, N. Y. [el Offices in Other Principal Citi: 


Inada: DOMINION OXYGEN COMPANY, LIMITED, Toronto 


The term “Linde” is a trade-mark of The Linde Air Products Company. 
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placement costs for carbide balls are neo; 
gible because of their long tool life, a 
cording to the manufacturer. 

In the sizing balls, size tolerances of 
+0.000025 in., sphericity tolerances of 
0.000010 in. and surface finishes of 1 micp 
in. are available. 


Oxidizing Liquid 

A liquid which is claimed to produce 
oxidation rapidly and with better result 
than ordinary chemicals, such as Sulphure 
Liver of Sulphur or their substitutes, ha 
been announced by Hanson-Van Wink. 
Munning Co., Matawan, N. J. 

By adding 4 fluid oz. of the concen 
trated oxidizing liquid to each gallon of 
water, an oxidizing solution can be mace 
for copper, bronze and silver. Solution 
can be used hot or cold, but faster oper. 
tion is obtained when they are hot. 





























Flameless Electric Torch 


A heavy duty Thermal-Jet flameless elec 
tric torch which utilizes the radiant electric 
heat principle has been developed by 
Kinetic Products Corp., 31 S. 18th & 
Philadelphia 3. 

Penetrating radiant heat projected by the 
Thermal Jet will reduce layers of paint, 
enamel or varnish to a dry, flaky ash which 
can be removed in one stroke as fast as 4 
professional painter can use a scraper, 
cording to the manufacturer. It is further 
stated that paint can be removed without 
disturbing undercoat, filler or caulking. The 
Thermal-Jet is used like a blow torch but 
does not burn or scorch the surface, per 
mitting it to be used on canvas-covered sur 
faces or canoes as well as on metal or woot 

Some of the other uses claimed for the 
electric torch are setting plaster, tile an 
marble, melting “dope” from wiring " 
generator and motor repair shops, spot heat 
ing in chemical, industrial and food pro 
essing, and annealing light metals. 


Paint Stripper Compound 


Strip-Aid, a compound which is aade¢ " 
small quantities to alkaline-type paint st'P 
pers to speed their action, has been ¢ 
veloped by Klem Chemicals, Inc., 1440! 
Lawson Ave., Dearborn, Mich. 

Used with one part Strip-Aid © ™ 


MATERIALS & METHODS 





















visit KENNAMETAL SPACE 808 ASM SHOW—SEE KENTANIUM 


VY Resists Thermal Shock 
Mme Et iitirelil: CM ed ate(litels 
Y Retains Great Strength 
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Typical useful applications of 
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- ens the scope of engi- Kentanium include: Elements 
1 diel h of aircraft propulsion units; 
s, | meering esign where hot spinning tools; bushing 
nk onditions of intermittent and shear for hot rod; thermo- 
high t couple protection tubes; hot 
mor continuous high temper- extrusion dies; furnace parts; 
Btures in oxidizing atmos- balls for hot Brinell testing; 
. : anvils for spot welding; and 
Mpheres are combined with many others. 
F abrasion, and compressive or 
Opers } 
tensile loads. Characteristics 
This new heat-resistant material cveneny Range 
is made in several different compo- | Specific Gravity GMS/cc_ | 5.4—6.0_- 
itions, each having a specific com- Thermal Conduativity 075—.085 
ination of properties that meet a |__al/sec/°C./em a a 
particular operating condition. The _ Electrical Conductivity os 
> “ : ) 1.9— 5.0 
range of these properties is suggested 7 , | _%of Copper Standard | 
lin the table at the right. The proper NS Coeff. of Thermal Expansion 
sec - " ° . . 10-6/ °F 1200°F 4.5—5.0 
' icomposition foraspecific application is | - Up to - | 
eC determined by analysis of the condi- 3 Rockwell A Hardness | 87.5—93.0 | 
d tions und | | 72 
- ler which it will be used | SS hadides dhteaitirel =~ tea tée 
q T ; . . . = > ‘ | . | 
Xentanium compositions are com | ». | 1000 pi | 71800°F. |Approx. 100] 
y the Mposed mainly of titanium carbide with ‘ Young's Mod. of Elasticity | 
paint : -): 1,000,000 psi 51.2—37.3 
paint, Mother refractory carbides, and an auxili- —— } __ 
which ; f Compressive Strength nr 550 
“— ary metal. They provide higher strength | _ 1000 psi acti 
er, 4 and resistance to oxidation than cast 
= alloys at 1800° F. and above; and greater oy aan 
itnout 2 , : 
the etoermal shock resistance than ceramics. — KEN MAMA FETAL 
h but Our engineers are at your service to UY ® 
pet help you apply Kentanium to your needs. SUPERIOR CEMENTED CARBIDES 
om opi ls : KENNAMETAL Dee., LaTRoee. Pa 
1g STRESS RUPTURE STRENGTH «: \c00%7 | STRESS RUPTURE-DENSITY RELATIONSHIP =| 
ty oat eee, an if T | a ~ SR _| 
~ E ‘aes. \DENSITY | 
< | — + | _— : actual SR —— 
v | | multiply by | | 
| a ane Gee” ah SOOO 
| to rupture ot 1806 K)} 
¢ Bimodified to account for dif —4 50,000 
FE “ k bl N BB vic to amie Gono | 40,0( 
‘ emar qd e e@eW ma | See! BR ae —_— 30,000 
a eat-Nesistant ac aE 8 
ott 10 100 1000 | ape 10 100 1000 
n de HOURS “ae Tit e All HOURS 
144! Prabhat JM shows marked superiority in ' of d | aqnivm oy. ‘: Rotating parts of KENTANIUM, when their 
all ‘te re characteristics over two com- "a ts. tee , 3 ee lower density is considered, have at least 
o tel ; '"Y-vsed blade alloys. ‘ne eae kote 7 , 100 times the service life of alloys. 
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How do you want your 


STAINLESS STEEL PLATE? 


IN ONE LARGE PIECE 
OR SHALL WE CUT IT TO PATTERN? 











@ G. O. Carlson, Inc. carries at all times a substantial stock 
of stainless steel plates in many analyses, sizes, and thick- 
nesses to anticipate your requirements. 

Many users prefer to purchase full plates from G. O. 
Carlson, Inc.; many others depend on our exceptional 
specia'ized cutting and rough machining facilities for the 
production of rings, diameters, and pattern cut shapes. 

Either way, you will find G. O. Carlson, Inc. your sure 
source for chemical quality stainless steel plates, delivered 
promptly—to your precise requirements. 

Check with G. O. Carlson, Inc. on your next stainless 


plate order—ours is an unduplicated specialized service, 


5 


( + CARLSON. we. 


| Stainless Steels Exclusively 
200 Marshalton Road, Thorndale, Pa. 
PLATES e FORGINGS e BILLETS e BARS e SHEETS (No. 1 Finish) 
District Sales Offices and Warehouse Distributors in Principal! Cities 
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parts commercial stripper (by weight), th 
compound is claimed to have the following 
advantages: 

(1) The concentration of alkaline Strip. 
pers required averages 40% less whe: 
Strip-Aid is used. 

(2) Tank immersion time saved aye 
ages 50% and is often cut to one-eighth 
the time normally required. 

(3) Strip-Aid completely breaks the 
bond between finish and metal surface, j 
leaves no decomposed paint and eliminaty 
need of additional hand or mechaniql 
cleaning operations. 

(4) It is non-inflammable, non-toxic 
and does not harm hands or clothing. 





Cleaning Shot 


A new copper cleaning shot, designe 
specially for the nonferrous trade, has been 
developed by Metals Disimtegrating Co, 
Inc., 1170 Arthur Blvd., Elizabeth, N. J. 

Called Harrison L/D copper cleaning 
shot, this product cleans all types of non 
ferrous castings and pieces by the force of 
its impact but, according to the manufac 
turer, does not imbed itself. This makes it 
possible to obtain the fine finish which re 
sults from “working” the surface of the 
casting without cutting it. 

For use in either an air- or wheel-type 
machine, the shot is made from high grade 
copper wire in the form of cylinders, the 
length of each being equal to its diameter 
During operation, the cylinders round up 
form spheres. 

Although the purchase price of Harrison 
L/D copper cleaning shot is higher tha 
that of steel shot or grit, the manufacturtt 
claims that, in terms of final cost pe 
pound of castings processed, its cost 1s vel 
low. This is said to result from the small 
amount of abrasive required in addition © 
the shot and the reduction of casting reject 
ordinarily due to imbedded steel shot. 


Automatic Burnishing Machine 


Announcement of a new development 
equipment for wet ball burnishing and pol 
ishing—the completely automat mb-¥ 
Dur burnishing machine—has et 
by Lupomatic Industries, Inc., 4510 Bullatt 
Ave., New York City. 

The most important feature of this 1¢ 
machine is said to be the molded rumbl- 
Dur barrel, which will not warp and C40 
kept out of water when not in use. Wo00e 
barrels tested under the same conditions & 
countered by the Tumb-L-Dur barrel Wo" 





MATERIALS & METHODS 


A & A Die Cast and Plastic Molds Co., 
; West Los Angeles, Calif. 
The Accurate Die Casting Co., Cleveland, Ohio 
Advance Pressure Castings, Inc., Brooklyn, N. Y. 
Advance Tool & Die Casting Co., Milwaukee, Wis. 


Badger Die Casting Co., Milwaukee, Wis. 


Central Die Casting & Mfg. Co., Inc., Chicago, Ill. 


it), the Cleveland Hardware & Forging Co., Cleveland, Ohio 
lowing Congress Drives Division, Tann Corp., Detroit, Mich. 
Continental Die Casting Corp., Detroit, Mich. 
2 al Division of F. L. Jacobs Co. 
- Crown City Die Casting Co., Pasadena, Calif. 
Ww 
Doehler-Jarvis Corp., Pottstown, Penna. 
1 ave Doehler-Jarvis Corp., Toledo, Ohio 
eighth Doehler-Jarvis Corp., Chicago, Ill. 
“7 Dollin Corporation, Irvington, N. J. 
ks the Du-Wel Metal Products, Inc., Bangor, Mich. 
face, It Fanarc Manufacturing Co., Inc., Whittier, Calif. 
Minates Federal Die Casting Co., Chicago, IIl. 
haniaa Glenvale Products Corporation, Detroit, Mich. 
Globe Imperial Corporation, Rockford, Ill. 
N-tOXic Cc. M. Grey Mfg. Co., East Orange, N. J. 
ing. 


Heick Die Casting Corporation, Chicago, III. 
Hilfinger Corporation, Toledo, Ohio 
The Hoover Company, North Canton, Ohio 


Kamin Die Casting & Mfg. Co., Chicago, Ill. 
Kiowa Corporation, Marshalltown, lowa 
Paul Krone Die Casting Co., Chicago, IIl. 












































esigned 
as been a Madison-Kipp Corporation, Madison, Wis. 
ig Co, hes sh Milwaukee Die Casting Co., Milwaukee, Wis. 
IJ. Modern Die Casting Corp., Chicago, III. 
leaning Monarch Aluminum Mfg. Co., Cleveland, Ohio 
re Mt. Vernon Die Casting Corp., Mt. Vernon, N. Y¥. 
orce of New Products Corp., Benton Harbor, Mich. 
anufa: 
vakes it 
rich re 


Paragon Die Casting Co., Chicago, IIl. 
Parker White Metal Co., Erie, Penna. 
Precision Castings Co., Inc., Syracuse, N. Y. 
of the Precision Castings Co., Inc., Cleveland, Ohio 

Precision Castings Co., Inc., Reed Metal 
ee |-type Crafts Division, Chicago, IIl. 
h grade Pressure Castings, Inc., Cleveland, Ohio 
ors, the Racine Die Casting Co., Racine, Wis. 
ameter. at oe é ' 
d up to St. Louis Die Casting Corp., St. Louis, Mo. 

Schultz Die Casting Co., Toledo, Ohio 
Sterling Die Casting Co., Inc., Brooklyn, N. Y. 


larrison Stewart Die Casting Div, of Stewart Warner Corp., 

or than ag Bridgeport, Conn. 

facturet ay 4 Stewart Die Casting Division of Stewart Warner Corp., 
=. Chicago, Ill. 


st pet S Stroh Die Moulded Casting Co., Milwaukee, Wis. 
is very : Superior Die Casting Co., The, Cleveland, O. 


e small 
ition t 
r rejects 
ot. ; Union Die Casting Co., Ltd., Los Angeles, Calif. 

TM Universal Die Casting Co., Los Angeles, Calif. 


The Tool-Die Engineering Co., Cleveland, Ohio 
Twin City Die Casting Co., Minneapolis, Minn. 


Wells Die Casting Co., San Francisco, Calif. 
Western Die Casting Co., Emeryville, Calif. 
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CHLORINE CELL COVER: Previous cement covers deteriorated 
rapidly, gave rise to contamination in vorce cell, with consequent 
increased current and maintenance costs. 
that combines high strength with superior electrical and chemical resist- 
ance to give longer life, cleaner product. What material ? 


BATTERY VENT CAP: Permits gases to escape from auto bat- 
tery without letting acids out. Must be low in cost, resistant to 
acids. Should permit high molding rates, easy assembly and cement- 
ing of two halves. What material would you try first? 


Answers: No. 1—Ace Molded Hard Rubber greatly increased life of 
vorce cell covers, may do same for your designs. No. 2—Try Ace Parsan 
(polystyrene) first for any job similar to this Ace-molded vent cap. 


Now made of material 


Yes, sometimes it’s hard rubber, sometimes one of the 
other plastics that’s best. Ace, with many hard rubber 
and plastic compounds to choose from, is fully equipped 
to supply whatever you need. 


Ask for ACE Handbook 
































HARD RUBBER ond PLASTICS 


























MERCER STREET NEW YORK 13, 
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out in 342 to 4 weeks, according to 4 
manufacturer, while Tumb-L-Dur barre; 
use for 114 years show no sign of dew 
oration. 

Since there are no bolts or screws jngj 
of the burnishing machine itself, work \ 
ing burnished or finished will po | 
marred by coming in contact with prog 
tions. In removing the work, a perform 
tray is placed in the machine which is te 
given a half turn. The balls automatic 
separate from the work and the fini 
parts come out of the machine in less ty 
a minute. 


Ball Mill Grinding Medium 


A new non-metallic ball mill grindig 
medium called Borundum has been 4 
veloped by the U. S. Stoneware Co., 5} 
East Talmadge Ave., Akron, Ohio. 

Heavy, hard and tough, and resembii 
synthetic sapphire in composition, Bom 
dum Grinding Media weigh from 75 





fo 


























Borundum Grinding Media weigh from! 
to 80% more and are up to 50% hat 
than conventional media, such as porta 


balls or flint pebbles. 


80% more and are up to 50% harder ' 
conventional media, such as porcelain > 
or flint pebbles. Borundum’s dense, ™ 
absorbent body and its white, smooth, & 
washed surface permit its use interchattt 
ably in grinding various materials witht 
danger of inter-material contamination. 


Metal Stripper 


Enthone, Inc., Dept MA, 442 Elm? 
New Haven, Conn., has announced the ¢ 
velopment of a new product for the 
stripping of nickel, tin, lead and chrom™ 
from copper, brass and other coppet allo 
without attack upon the base metal. 

In a process involving no current © 
work to be stripped is immersed in 4 
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semble for he uses special equipment 
1, Boru 
4 and a broad practical knowledge to test 


sand for specific moulding jobs. 
Dimensional accuracy, the finish, even the 
internal flawlessness of a casting 

may depend on his tests for proper bond, 
grain size, and permeability. 

from | 


% bar 


: The unique skill of our sand laboratories 
porced 


is another Sivyer service that insures 
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casting quality and integrity for you. steel castings 


A letter or a wire will get you prompt 


action and details on any problem or service 


involving high alloy and specification 
' steel castings. Get acquainted with the famous 
. Sivyer My for better castings. 


SPECIALISTS IN HIGH ALLOY AND 


SPECIFICATION STEEL CASTINGS 


yer allof 
ro MI VYER STEEL CASTING COMPANY eo MILWAUKEES>CHICAEI® 
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UNIFORMITY 


use Our 


Sponge Iron Powder 


In 


Powder Metallurgy Fabrication 


& Other Metallurgical Purposes 


... Call in your 
Compacted Parts Fabricator 


for Design Consultation 


EKSTRAND & THOLAND, INC. 
441 LEXINGTON AVENUE 
NEW YORK 17, NEW YORK 


Sf. of _Hoeganaes Sponge fs Pak, 








| Stripping rates as high as 0.006 ip 


| on the torque requirements, the nut '5 
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solution containing Metal Stripper yj 


hr. of nickel are obtained, according ty 
manufacturer. The process is said to be} 
for the removal of nickel from bulk p 
work as well as heavier plated objec. 
as percolators, flashlights, plumbing », 
and other items made of copper. _ 





Enthone Metal Stripper N-165 ; , 
plied as a neutral powder, safe to }, 
and easy to use. 


Welding & Joining 





Cage Nut 


A new cage nut, called P-1079, wi 
does not require a separate cage has k 
developed by Prestole Corp., 1339 Mi 
St., Toledo 5. Locked in place by droppi 
it over two pre-punched loops that can 


The new Prestole cage nut makes anim" 
pensive “floating” cage nut 


pulled up with ordinary pliers, the 4 
nut is claimed to save metal and to “ 
nate spot welding. 

Made of spring or mild stee!, depen 
duced to fit regular sizes of sheet ™ 
Screws. 


Nut Driving Machine 


An increasingly urgent nec 
efficient and rapid assembly of suts to he 
pace with modern production methods} 
led to the development of an automatic 


tor m 
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FROM ROCKRITE TUBING 


You can often double output and cut machining costs in 
balf by using close-tolerance Rockrite Tubing for cylin- 
drical and ring-shaped parts. Take ball-bearing raceways, 
produced from 52100 analysis tubing, for example .. . 


They are now being turned out twice as fast from Rockrite 
Tubing as from ordinary tubing. Quick reaming replaces 
slow boring. Outside finishing is faster because Rockrite 
Tubing is sized to much closer tolerances than tubing sized 
by other methods. Additional stations can frequently be 
teleased so that two parts can be machined at once with a 
double cut-off. Tool costs go down. 


DO YOU KNOW the 3 requirements essential for tube ac- 
curacy? Read about them in new bulletin being prepared 
that tells how and why close-tolerance Rockrite Tubing can 
save you money. 


eS ROCKRITE 
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Rockrite Saves More 
Than Any Other Tubing 


Higher cutting speeds 
Tools last longer between grinds 
Work-surface finishes are better 


Stations on automatics are often 
released for additional opera- 
tions 


Extra-long pieces available—less 
down-time for magazine stock- 
ing and fewer scrap ends 


Closer tolerances often eliminate 
necessity for machining on out- 
side or inside 
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| Ajax Induction Holding Furnace 
© at Mid- Western Die Casting Co., 
. Chicago, Illinois. 


o? 


BETTER PRODUCTION 
THROUGH TOP PERFORMANCE 
IS THE AJAX RECORD 


Ajax-Tama-Wyatt induction furnaces are 
used in the United States and abroad for 
melting and holding aluminum alloys in 
die casting, permanent mold, and sand 
foundries. 


No flux or mechanical stirring is neces- 
sary. The metal is in constant gentle circu- 
lation assuring complete blending of alloys, 
and a uniform temperature throughout the 
metal. 


Electric energy costs less than fuel and 
avoids danger of overheating. Completely 
automatic temperature controls hold metal 
to within 5°F., at the lowest possible tem- 
perature for perfect casting. With an Ajax 


\ AX TAMA-WYATT 


INDUCTION FURNACES 
for Aluminum Alloys 





the yield for perfect castings is exception- 
ally high. 


There are no fumes and operation is 
practically noiseless. Shops are cooler, more 
comfortable — manpower efficiency is in- 
creased. Shop space is increased, for an 
Ajax Holding Furnace takes an average of 
30 to 40 percent less floor space than any 
other furnace. 


The Ajax companies have been pioneers 
in induction melting of metals since the 
first World War. To date they have in- 
stalled more than 400,000 KW. of furnace 
capacity in the United States alone. This 
is the background of experience behind 
every Ajax installation. 


AJAX ENGINEERING CORPORATION ~- Trenton 7, New Jersey 
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AJAX 


phy INDUCTION MELTING FURNACE 
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Associate Companes: AJAX METAL COMPANY, Non Ferrous nat Metals and Alloys for Foundry Use 
AJAX ELECTROTHERMIC CORP 


oe Ayan Northrup Magh Frequency Induction Furnaces 
AJAX ELECTRIC CO., INC... The Aax-Hultgren Electre Salt Bath Furnace 
AJAX ELECTRIC FURNACE CORP., Ayan Wyatt induction Furnaces for Metting 
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driving machine by Detroit Powe, Se 
driver Co., 2801 W. Fort St., Detroit 
Driving nuts semi-automatically o; 
matically, the machine entirely elimi, 
the manual handling of nuts at any tip, 
except to load the rotary barrel-type hop 
periodically with a fresh supply of y 
The hopper keeps the machine contiy 
charged with an ample supply of nur; 
feeds them in a prepositioned manne 
the driving spindle, thus making handj 
by the operator completely unnecessary 
The machine will handle nuts ranginy 
size from 5/16 in. min. to 11/16 in. my 
across flats and including special varie 
such as jam, castillated and locks nut 






“Washer-Less’ Screw 


Designed to eliminate the time-was 
step of adding a washer to a screw 
assembly operations, a new “‘washer-la 
screw is being produced by Russell, Buri 
& Ward Bolt & Nut Co., Port Che 
N. Y. 

Unusual in design, the Spin-Lock st 
has ratchet-like teeth on the underside 
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This new Spin-Lock screw eliminate " 
need for a washer in assembly opera 


the head and consists of one piece, allow! 
it to be hopper-fed 
Other advantages claimed for the 4 
Lock screw by the manufacturer are thi 
(1) cuts inventory and purchasing “ 
(2) has positive locking power, 3 % 
are no parts to cant or fall off; (5) 1 


neater (flush with surface); and \° 
safer (no protrusion to catch hinges 
clothes ). 


Stud Welding Control Unit 


Designed for the shielded inef' 
stud welding of such metals 2 alumin 
and stainless steel, a new welding cont 
unit is being manufactured by the Shield 
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WHEN RAPID TEMPERATURE CHANGES / 


COMPLICATE STRESS TESTS Aaaef HERE’S YOUR CURE 
? 
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THE ZW BALDWIN SR-4° 
SELF-COMPENSATING STRAIN GAGE 











ther broadening the field of usefulness of Baldwin unnecessary and minimizes errors that might be in- 
-4 Strain Gages, this newest addition to the line troduced by lead or lag in the dummy gage temperature 
minates another unknown in stress-strain investi- change. 

ions by providing built-in compensation for rapid 


St The new Self-Compensating gage will be 


jations in temperature occurring during the test. ~ a. 





Ay manufactured in rosette, double-element, 
\ \ ~* ‘ : 
5 \ \° 4a@-—< and single-element form. Temporarily, 
0 , th ond ota , - ; 
Y A One obvious use is in aircraft testing, ae only the single-element will be carried 
- where rapid changes in plane elevation in stock; others are available on special order. 
A ff bring corresponding rapid changes in 
temperature. The effect is to introduce - Pi 
; , _geA—, Gage lengths available are 7/8”; 13/16”; 
nown errors in the strain gage readings even ~~ 


ZB l/l. j ad a . *k l : is 
bugh conventional dummy gages are employed. Os seal a F ¥ at: OEP ar cae WAFS Se 
i utilized in the element. Degree of com- 


pensation is suggested by the chart above. 
* \ Previously, compensation for tempera- 


ture changes invariably called for the use A data sheet giving detailed dimensions, packaging information, 
ofa dummy gage. The new self-compen- and other details will be sent on request. 


Sating gage makes this duplication 


The § vin Locomotive Works, Philadelphia 

42, Po S. A. Offices: Chicago, Cleveland, . 
Moust New York, Philadelphia, Pittsburgh, (: 

re isco, St. Louis, Washington. In THE BALDWIN | 
Lang eacock Bros., Ltd., Montreal, Quebec. - 
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Heating Safety 








Alnor Type 5200 
Pyrotac excess 
temperature cut-off. 


Protects 


Your Investment 


The Alnor Pyrotac excess temperature cut-off offers you low- 
cost, automatic protection against damage due to excessive 
temperatures . . . safeguards your investment in heating 
equipment and materials in process. 

Simple in operation, the Pyrotac constantly indicates tem- 
perature of the heater equipment and stands ready to sound 
an alarm and/or shut down heater circuits at a pre-set maxi- 











mum safe temperature. It may also be used as the only con- 

trol instrument on a process that requires a complete shut- 

down upon reaching a final temperature. Automatic thermo- 

couple break protection assures safety in the event that 

k thermocouples or extension wires should break or burn out. 

Small size, simple wiring makes it easy to install the Pyrotac 

on existing control panels. Available in scale ranges from 

0°-600°F. to 0°-3000°F. and equivalent Centigrade ranges. 

Here is another Alnor quality instrument featuring Alnico 

| magnet, double air gap movement... laboratory precision 
and husky construction; yet the price is only .. . 


$8 far lower than for ordinary 


instruments of this type 


Ask your Alnor Representative for complete details or write 
for bulletin that contains full description and wiring diagrams 
that show actual applications. 


illinois Testing Laboratories, Inc. 
Room 522,. 420 N. La Salle St., Chicago 10, Illinois 

















































New Materials 
and Equipment 


Stud Welding Co., 124 W. Fourth & 
Angeles 13. . 

This portable, ruggedly built contro) 
provides electronic timing control fo 
weld period and automatic (pneuns 
timing control of the inert gas prior t, 
after the weld. Also incorporated » 
solenoid valve for the control of the js 
gas and a high-speed magnetic-type ; 
tactor which is specially designed {o, 
quent short timing periods and heavy |oj 

Some of the advantages claimed ly 
manufacturer for the control unit are: 
provides higher quality stud weld; 
improves corrosion resistance of stair 
steel stud welds; (3) eliminates the » 
for ceramic ferrules in many instances: ; 
(4) saves inert gas consumption 


Portable Spot Welder 


A new portable spot welder, know 
the Zip, has been introduced by Mid-Sid 
Welder Mfg. Co., 6025 S. Ashland 4) 
Chicago 36. 

Patented features of the Zip inclué 
fixed top tong and newly-designed adm 


This well balanced spot welder, with ces 
of gravity at the carrying point, can 
erated with one hand 


able curved tips, affording greater cas 
handling and operation. A well balance 
unit, the welder is claimed to have * 
center of gravity at the carrying »4 
allowing it to be operated with only" 
hand. 

The Zip is completely portable, wt 
23 Ib. and welds mild steel, stainless, # 
vanized iron, terne plate, and magncsili 
up to 4-in. combined thickness of m 


Brazing Alloy 


A new heat and corrosion resistant ™ 
for brazing stainless steels has bet? © 
veloped: by Wall Colmonoy Corp» 
John R St., Detroit 3. When braze¢ ™ 
this new material, called Nicrobra ° 


MATERIALS & METHO) 
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you can BE SURE... 1 its 
Vestinghouse 


x 
ae 


Belt conveyor brazing furnace 





— | ee 


(Brazed areas indicated in red) 


Y/20 SAVED 


every 8 working hours with Westinghouse Brazing 


Four cents per unit! $1,120 every eight hours. 
That’s what one manufacturer saved when he 
switched from machining to Westinghouse braz- 
ing. With production of 3,500 units per hour, 
each furnace produced these startling savings. 

Why spend dollars? Braze it for pennies with 
Westinghouse equipment. The Westinghouse 
brazing furnace is only one of a wide variety 
of furnaces—both gas-fired and electric—pro- 


duced by Westinghouse. 


Tf “a : 
a-Nheering. A HEAT AND METALLURGICAL SER- 
VICE THAT OFFERS WITHOUT OBLIGATION: 


ENGINEERS—Thermal, design and metallurgical engineers to help 
an study your heat-treating problems with a view toward recom- 
ending specific heat-treating furnaces and atmospheres. 


RESEARCH—A well-equipped metallurgical laboratory in which to 
oo test samples to demonstrate the finish, hardness, and metallur- 
gical results that can be expected on a production basis. 


Ne CUCTION—A modern plant devoted entirely to 


bap ERIENCE—Manufacturers of a wide variety of furnaces— 
Eas and electric—and protective atmosphere generators. 


industrial 


OCTOBER, 1950 


4 
% 


> 





For either gas-fired or electric operation, 


Westinghouse can make thorough, impartial 


recommendations for the type of equipment 


needed to handle your heat-treating problem 


most economically. Get all the facts today. 


Call your nearest Westinghouse office or write 


Westinghouse Electric Corporation, 186 Mercer 


Street, Meadville, Pennsylvania. 


C): GAS AND ELECTRIC 


J-10347 
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vate NICKELOID 





SHORTEST DISTANCE sixween 


RAW MATERIAL AND FINISHED PRODUCT 


Nickeloid Pre-finished Metals eliminate many costly operations — clean- 
ing, plating, polishing — and in addition provide lustrous new beauty. 
You simply fabricate, then assemble! And those two steps take you to 
lower production costs, plus greater product beauty. 





Nickeloid Pre-finished Metals are available in sheets or coils, in wide range 
of gauges, and tempers, plated one or two sides, bright or satin finishes of 
Chromium, Nickel, Brass or Copper, plated to base metals such as Steel, 
Zinc, Brass, Copper or Aluminum. 








Write for new “Flow-Chart" 
showing how Nickeloid Pre-finished Met- 


als eliminate costly production opera- 
tions. 








NICKELOID 


> 


Established 1895 


: AMERICAN 
P he a N H C K E LO i D 
lectre- plated VO Ait COMMON Base METALS 40 
‘ COMPANY 


oO ALSO LACQUERED COLORS S 
PERU 6, ILLINOIS 








METALS 


(Pre-Plated) 
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New Materials 
and Equipment 












joint of a stainless steel assembly is said ;, 
possess strength equal to that of the parey 
metal at 2000 F in addition to hayig, 
better corrosion and oxidation resistang 

Complete tests, according to the man, 
facturer, show that a Nicrobraz joint ha; , 
much higher re-melting point (2600 | 
than the original Nicrobraz melting poin 
(about 1850 F), while the tensile streny:, 
of a butt brazed specimen is 120,000 bs 
at room temperature—nearly 90% of th 
parent metal strength. No signs of oxid;. 
tion and no loss in tensile strength tes; 
from exposing the alloy to an air atmo 
phere for 510 hr. at 1600 F. 

Nicrobraz can be used to braze 300 an 
400 series stainless steel, Inconel, §-59 
Monel, alloy steels, tool steels, and carbo 
and special stainless steels. 


Forming & Machining 





New Swager 


A swaging machine which features new) 
developed special dies and which is claimed 
to swage harder and tougher steels in length 
to-diameter ratios above previously accepted 
standards has been marketed by Fenn M/s 
Co., 1841 Broad St., Hartford, Conn 

One of the advantages claimed for thi 
swager is the saving in material that ‘ 
affects. The spindles it produces were {or 
merly turned out on automatic lathes which 
turned blanks 10 in. long, producing thrtt 
different tapers, including the Morse tapé! 
on the shank. They were then finish-groun¢ 
to specified dimensions. 

With the new Fenn swager, howevel 
material requirements are said to be cut 
half. Blanks only 414 in. long are needed 
the material being lengthened by “™ 
swager as the tapering operations are Pe 
formed. The finished length is 9 i 

Among the benefits said to be obtaine 
by swaging the spindle and similar produ 
are: 

1. The physical and metallurgical! chat 
teristics of the material are improved, ¥" 
a denser structure being obtained. In th’ 
respect, swaging is similar to cold forginé 


MATERIALS & METHODS 
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havin ‘shout external heat, are possible wi oe vous | 
stance \|-cure d polyester laminates, wit 50/1 " to 1”. In addition, : } 
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t has, . We . thicknesses ranging from d ce d by using simple paper msu i | 
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of th . Ss follows: 
ois formulation ar ® PROCEDURE 
result © HANDLING h ona smooth working 
105 lophane F 
¥ FORMULA Place a layer of cel ad a portion of the catalyzed 
. 100 parts base. Pour and spre is. Lay on first 
0 a p12. .- + 100P a. evenly over this. Le 
§.59) VIBRIN 3 4 promoted VIBRIN ortion of resin. Lay on 
Carbon Luperco ATC pa 3 layer. Pour on another Pp ‘red thickness. 
Promoter ¥3"- + > ° . = t layer, and so OM; a ee to obtain 
r eat nex ? ee 
*This is an gmber-colored liquid. Cover with cellophane, and we Pw structure. 
OCEDURE yniform saturation eager pha in cre 
R , api eeing ali an ©" 
2 MIXING P -nto the VIBRIN and stir Finish by £1 A Apply 14” porous a, 
Weigh the Luperco ATC’ ‘on of air. Add the from the 1 ed. (Metal plate and som 
‘ding the inclusion ‘culation if desired. ; +mum sur- 
dest hegre ye thoroughly for at least ~_ nt may be used to achieve 2 espe the 
# n 1r. ; tes eV 
oy aa avoiding entrapment ois ie uniformity -) ar * Sade enough to | 
e , u- 
oh UTION: The pot vara “ o nome ee, po my ar full cure according to 
ye 1 tad to approximately 3% If it is handle and wi" ay: 
lation is limited ned accordingly. 41} schedule in ‘4’ (belo 
op corp ae oe or shorten the cycle, | 
4 Oe es vr 0.1 part of Promoter #3 are recom as | 
mended. Q EFFECT OF INSULATION ON C i | 
Cure 
, Rocemmenton Thickness Range for ere gst ’ 
Cure Time Insulat : 
1.00 inch 
new!} neues .072-.210 _ ee ? | 
Limed _ .060-.072 p 130-165 " 
ngth- ? pend 050-.060 , | 
epted 
Mfg 
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ic BNEW METHODS —NEW MATERIALS GET IMPORTANT POLYESTER NEWS AS IT HAPPENS 
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The laminate cure described above typifies the im- 
proved methods and materials which our laboratories 
are constantly developing. These time-saving, cost- 
Saving procedures are now available to you . . . along 
with 6 standard VIBRIN polyester resin types (includ- 
ng self-extinguishing and water white). And remem- 
ber, there’s always a Naugatuck technician to solve 


nei Me" Special problems. 


| Without charge, we'll send you regularly full reports of our 
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IN CANADA: NAUGATUCK CHEMICALS, DIVISION OF DOMINION RUBBER CO., LTD., ELMIRA, ONTARIO 


new developments in lamination curing, resin types, dyes | 








| and application practices. Just send coupon today. | | 
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, NAUGATUCK CHEMICAL 
, Plastics Division, Dept. C-1, Naugatuck, Connecticut | 

| i 

; Please send me regularly, without charge, your full technical reports. " } 
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New Materials 
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2. Alloys can be cold formed, whid 


9 otherwise have to be hot forged. 
3. Swaging imparts a high finish to the 
material, often eliminating the need j, 
special finishing operations. | 


4. Less skill is needed to operate a sware 
than any other machine that can produc a 


equivalent metal part. 
5. Distortion during subsequent he 
| treating is equal to or less than that result 
ing from turning. 
Bending Machine 
A new machine that completely form; ; 
variety of cabinets in one piece and jn; 


single cycle of operations has been deve 

oped by Cyril Bath Co., 6901 Machiner 

Ave., Cleveland 3. 

This new machine, known as the Cpe 

Throat, Single-Wing Tangent Bender 

duces cabinets with either flat or crown 

Lf sides and is readily adapted to makin 
bends of different radii, so that many type 
of cabinets can be formed on the same m- 
chine. 
In action, the ram of the bending m 
chine descends rapidly to within 1 in. o 
the bottom of its full stroke. Ar this point 
latches at both ends of the ram engage 
levered arms on the bed and pull the ma 
down with a pressure of more than 17 ' 
Flat metal sheets can be blanked, punche 
or otherwise formed during this initia 
movement, and then held steady 
bending wing to move up and form tk 
The Harris-Seybold Company of Cleveland eliminated this corner radius, with wrinkle-free flanges 
risk by installing 2” wheels, made of Fullergript brush strips, Many of the benders are already turning 
out television set housings, refrigerator cass 
liners and evaporator shells, and cases fo 


electric ranges, space heaters and_ othe 
paper against stop fingers while it is being side registered. small appliances, at rates up to 400 bend 








In offset printing, unless paper is held in line on the feed 
table, it creeps back up the table and spoils the side register 





to work in conjunction with the moving web tapes under- 
neath the sheet of paper. These brushes hold the sheet of 





| Many problems in industry are being licked with Fullergript per hour. 

| brushes. They are used 

: DO YOU REQUIRE A SPECIAL] on numerous applica- , 

) MACHINE FOR A BRUSHING | tions besides brushing. Drawing Press 
mat ee honed —_— from | For further information, Designed for mass production of hea 
building special brushing machines. | simply write to gage steel parts, a new 750/500-ton Fas 
No obligation to lay your problem verse sheet metal drawing ee 
before our engineers. Write today. from the Hydraulic Press Mfg. © 

Mount Gilead, Ohio. 











This all-hydraulic press handles «¢? 
drawing, forming and blanking operatio™ 
on both heavy and light gage stock. fo 
this heavy-duty work, the press is equipp 
with a 250-ton blankholder and a 200-10 
hydraulic die cushion with a 36-in. strom 
It is said that the press will draw and 
out a part 36 in. deep. 

Some of the outstanding design featl™ 
claimed for this press are the adjusté 
blankholder pressure at each of the 1 


INDUSTRIAL DIVISION, 3636 MAIN ST., HARTFORD 2, CONN. (Continued on page 126) 
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As versatile as stainless is, you may find it difficult to apply 
stainless steel to your job unless you know which stainless 
analysis you need. That’s why Crucible, pioneers in the 
development of this specialty steel, makes freely available 
to you an alert metallurgical staff. These engineers and 
metallurgists can show you which stainless analysis is best 
suited for your application. And how Crucible Stainless 


can be applied for maximum satisfaction. 


Take full advantage of Crucible’s half century of specialty 
steel leadership — leadership based on a keen devotion to 
detail... on every Industry-posed problem . . . whether the 
order is in tons or pounds, When you think of stainless... 
call in Crucible. cRUCIBLE STEEL COMPANY OF AMERICA, 
Chrysler Building, New York 17, N. Y. 


first name in special purpose steels 
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This is a treatment we developed in our own laboratory 
| and foundry to meet special conditions for certain furnace 
! operations. Normal high alloy castings would withstand the 
heat all right but abrasion, erosion and pick up were some- 
thing else again. The ‘‘Duralized”’ Rolls solved the problem. 

While you may not need a high alloy casting calling for 

the Duralizing treatment, you may have a high alloy casting 

problem. We'll be glad to study it with you and recommend 

the alloy and type of casting best for your requirements. 
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e Eastern Office: 12 East 4ist Street, New York 17, N. Y 
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and Equipment 






corners of the slide, rapid advance to work 
with automatic slowdown as die Contagy 
work, complete automatic press cycle han. 
dled by push button controls, and automatic 
press reversal. 


Electric Impact Hammer 


A new, heavy duty electric impact hap. 
mer is being manufactured by Black § 
Webster, Inc., 30 Pleasant St., Needham, 
Mass. 

Known as the Electropress, it is claimed 
not only to deliver an impact up to 600) 
lb. (calculated on work done through ; 
distance of 1/64 in.) , but to follow through 
with a “squeeze” or pressure of 2000 jh 
at the end of the stroke. Both impact ani 
pressure can be easily controlled with the 
addition of an impact control which wi 
deliver any desired impact from a 
blow to its rated maximum. 





This new electric impact hammer | 
versatile performer, rugged, and eas) | 
operate. 


The Electropress is all electric, operating 
from any 115-v. a.c. outlet and employing 
direct electromagnetic attraction in its 0p 
eration. Drawing less than 10 amp., an 
this only during the power stroke, it is said 
to cost only a few cents a week to operatt 


Testing & Controi 





Abrasion Testing Set 


A new, durable, precision-built test ™ 
strument designed to evaluate the | nowt 
of surfaces to rubbing abrasion is avail@ 


MATERIALS & METHODS 
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HIGH TEMPERATURE PROPERTIES 


of Cr-V and Cr-Mo-V Spring Steels 





PRINGS FOR SERVICE at elevated temperatures require 

steels which resist softening and lowering of the yield 
point. Unless hardness and yield strength are stabilized 
by correct alloy additions to the steel, these properties 
deteriorate rapidly as the temperature is raised. 


The chart above shows the yield point and tensile 
strength of three types of spring steel at elevated temper- 
atures determined by standard short-time tension tests. 


Springs of plain carbon steel are sometimes used at 
moderately elevated temperatures, although their lower 
yield values prevent them from giving service as satis- 
factory as that of the alloy spring steels. 


C hromium-vanadium steel springs, such as AISI 6150, 
give better service at ordinary temperatures because of 
the higher yield point. In addition, they may be used at 
°perating temperatures up to about 700° or 750° F 


because they retain high yield point values as the tem- 
perature is increased. 


Chromium-molybdenum-vanadium steel was especially 
designed for springs operating at temperatures in excess 
of 750° F. It can be used for springs operating at temper- 
atures as high as 850° F or even higher under some con- 
ditions. At 800° F, the yield point of this steel is still greater 
than that of plain carbon steel at room temperature. 


If you have a problem in spring applications at elevated 
temperatures, our metallurgical engineers will be glad to 
help you solve it. 
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VANADIUM CORPORATION OF AMERICA 


$20 LEXINGTON AVENUE, NEW YORK 17, N. Y. * DETROIT «+ CHICAGO * CLEVELAND ¢ PITTSBURGH 


























































New - Fast - Proven 


Both methods feature: LOW DIE COSTS 


All units and parts are interchange- 
able and used repeatedly in differ- 
ent arrangements. INCREASE PRESS 
PRODUCTION —Down time is min- 
utes as compared to hours for change- 





methods for over. For precision work in all types 


and sizes of presses. START PRODUC- 


PERFORATING TION at once. Pierce up to 4” thick 


mild steel. Saving money in the 


and NOTCHING best known plants. 
SHEET METALS 














Whistler MAGNETIC Dies at work in large inclinable press. Magnetized 
units hold the retainers. No bolting required. A fast, economical method in 
making up a punch and die set for short or long runs. All parts re-usable. 





Whistler ADJUSTABLE Dies on \” steel perforating and notching job, 
using Tee slotted die set. With Whistler Adjustable Punch and Die units produc- 
tion starts within hours instead of weeks. Last minute job changes made quickly. 







- WHISTLER 





Here are the com- NAME 


enn gs plete details with 
prices and appli- 





cation illustra- FIRM 


l 
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! 
tions. Send for | 
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these catalogs. 
No obligation. ADDRESS 


WHISTLER 
Bh STATE 
apr : CITY 2s 


Ss. B. WHISTLER & SONS, Inc. 


Adjustable, Magnetic, Custom and Cam Dies for all Industry 
756 Military Road, Buffalo 23, N. Y. 
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from Taber Instrument Corp., 109 Gouniy 
St., North Tonawanda, N. Y. 

Called the Taber Model 140 Abraser, js 
range of application is said to include te 
of painted, lacquered, electroplated surfag 
and plastic coated materials, and texih 
fabrics ranging from sheer silks to hep 
upholstery, leather, rubber and linoleum, 

Rotary rub wear action provided by th 
abraser is the result of dual abrading whee 
rubbing the specimen from the center oy. 
ward and from the outside toward th 
center, causing the abrasion lines to cng 
each other like the letter “X.” The whe io! 
traverse a complete 360-deg. circle p. 
vealing abrasion resistance on the sam 
specimen at all angles relative to the wear 
or grain direction. 


Temperature Indicator 


To meet the increasing demand {i 
simple means of indicating high tempe 
atures, Tempil Corp., 132 W. 22 St. New 
York 11, has developed new Tempilag 1: 
ings which range from 1650 to 1950 F. 

Tempilaq is a lacquer-like liquid which 
after drying, will melt at a certain pred 
termined temperature. With the addition 0 
the new temperature range, Tempilaq ' 
available in quantities which melt at sp 
cific temperatures from 113 to 400 F 1 
12\4-degree steps and in 50-degree step 
from 400 to 1950 F., 


Portable Hardness Tester 


A new, portable, direct-reading Ets 
hardness tester is being distributed } 
Newage International, Inc., 521 Fifth Av 
New York City. 

Built as an entirely new tester to met 
the demand for a portable, reasonablj 
priced direct-reading tester, it can be cm 
veniently carried and handled, permuttil 
at the same time a direct and complete 
accurate reading without the necessity 
referring to conversion scales of calcule 
tions. 

With the Ernst tester, “‘at-the-job” «ite 
readings can be taken on any shape % 
form of metal, according to the manuls 
turer, regardless of the size of width 0 
metal. 

In use, hand grips on the sit of ” 
instrument are pressed downwards to lowe! 
the indentor so that its point penetrates 10% 
the surface of the material being 
The movement of the indenter int? 
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ee this flamatic hardening job in action 
at the Metal Show 


Ems Cincinnati Flamatic surface hardening of the hub of a new 


od by 


Ave, * ae automatic torque converter transmission will be shown in action 
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al CINCINNATI ay —in actua] production—at the Metal Show (Chicago 
) ™ =a”) 
onably 


e con 


International Amphitheatre, October 23-27). This exceptional 


job is one of the many presented in print, with complete data on 


ritting 
“< hardness patterns, metallurgy, and production rates, in the 
ll brand new catalog on the Cincinnati No. 2 Flamatic Hardening 


Machine. See the Flamatic exhibit at the Show—and get 
your copy of the new catalog: Publication No. 1724, 


THE CINCINNATI MILLING MACHINE COM 
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Insist on Prest-O Lite 


Trade-Mark 


Deep-Drawn SHAPES and SHELLS 
for... 





Cups 
Receivers 





Pressure Vessels 


Containers 
Other Formed Parts 





Made to Your Exact Specifications 


@ In conventional or unusual contours 


e With or without openings, fittings or brackets 


Higher Quality —Longer Life 


e@ Extreme uniformity of size, weight, strength, 
capacity and wall thickness 


Longer service life at lower cost 





Backed by over 35 years of experience and 





manufacturing skill 


LinDE engineers will gladly help you with your designs, 
specifications and production problems involving cold- 
drawn shells and shapes or formed metal parts. Just 
mail the coupon for full information. 





THE LINDE AIR PRODUCTS COMPANY 
Unit of Union Carbide and Carbon Corporation 
30 East 42nd Street [ISS New York 17,N. Y. 
Offices in Other Principal Cities 
In Canada: DOMINION OXYGEN COMPANY, LIMITED, Toronto 





The term "Prest-O-Lite” is a trade-mark of The Linde Air Products Company. 


The Linde Air Products Company S-10 
30 East 42nd Street 
New York 17, N. Y. 


Send literature and full information about deep-drawn shapes and shells. 


NAME 





COMPANY 





ADDRESS 





or 


30 
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material is magnified about 3000 time 
displacing liquid from a container jg 
capillary tube. The tube is supported i; 
recess and encircles the scale so tha 
final position of the liquid indicate; 
hardness value directly. 

Except when the radius of curvyatur ; 
less than 3/32 in., the instrument cay | 
used on curved as well as flat surface; 


ty 


Molten Metal Thermocouple 


A molten metal thermocouple for ferry 
metals has been developed by Wheel, 
Instruments Co., 865 W. Harrison & 
Chicago 7. 
tures up to 3200 F and all casting temper 
tures normally encountered in the produ 
tion of precision steel castings, the thermo 
couple is said to allow temperature reading 
to be made in less than 30 sec. with a 
treme accuracy. It has an adjustable « 
tension and uses a 27-gage platinum-pla:: 
num 10% rhodium element. 

A telescoping feature permits the feeding 
of the platinum element to the prope 
length within the protecting tube with 
the need for cumbersome re-assembling 
the unit. 


Heating, Heat Treaties 





Induction Pinion Heater 


Much of the difficulty formerly involve! 
in removing pinions from shafts 1s said © 
be eliminated by the use of an induct 
pinion heater manufactured by Nao 
Electric Coil Co., 794 Chambers Rd. & 
lumbus 16, Ohio. 


With the National induction heater, he 
is generated within the pinion, expand 
it and allowing it to be removed with lig 
pressure. Older methods required tons 


pressure or excessive heat to remove * 
pinion, sometimes damaging both pi” 
and shaft. The heater is insulated 
AIEE Class H materials, insuring 00g a 
It is easily operated by one man, ™® 
eliminates the hazards present in ordinal} 
pinion removal. 
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says 

WENDELL L. SMITH 
Exec. Vice President 

A-B Stoves Division 
Detroit-Michigan Stove Co. 


Sturdy, silent stove 
drawer bearings molded 
of Monsanto Resinox by 
The W-L Molding Com- 
pany, Kalamazoo, Mich., 
for A-B Stoves Division, 
Detroit-Michigan Stove 
Company. 


Phenolic plastic bearings molded of 
Monsanto’s Resinox are now replacing 
metal rollers in the sliding drawer on 
A-B stoves because: 

The new bearings are mass-molded 
with metal insert included in one 
operation that requires no additional 
machining or finishing. They are free- 
rolling and, with graphite built right 
in, need no lubrication. Excellent di- 
mensional stability and high impact- 
resistance of Resinox and its resis- 
tance to heat up to 490°F, more than 
meet all the requirements. Customers 
like the quieter, easy operation of the 
new stove drawers. 


‘This phenolic drawer bearing 


rolled costs back 
when we scrapped habit-itis” 
















It adds up to: lower production costs 
and higher customer satisfaction. 
These advantages—in just one 
product—are but a few of the many 
that Resinox offers. And Resinox is 
but one of many Monsanto plastics, 
each possessing its own special prop- 
erties that are already being applied 
to hundreds of products in scores of 
industries. It will pay you to investi- 
gate Monsanto plastics—and learn 
how they can improve your product, 
or cut production costs, or add sales 
appeal. Write Monsanto today—or use 
the handy coupon. 
Resinox: Reg. U. 8. Pat. Off. 


MONSANTO 


CHEMICALS ~ PLASTICS 





SERVING INDUSTRY... WHICH SERVES MANKIND 


eeoeeeee#eeeeee#ee#ee#ee#ee#ee#e#e#e#e?e#e#ee#e#eee#e- 


MONSANTO CHEMICAL COMPANY 
Plastics Division, Dept. MMP34, Springfield 2, Mass. 


Please send me information on Monsanto Plastics. My 
product is 


Name, Title _ sales 
Company _ 
Address 


City, Zone, State 
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New Materials 
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Heat Treating Furnace 


A. D. Alpine, Inc., 11837 Teale St, Gy 
ver City, Calif., has introduced a new line 
of precision furnaces for the heat treating 
of metals. Available in capacities fano; 
from 1.8 to 20 cu. ft., with a range of from 
0 to 2500 F, these Alpine furnaces ate 














Here is one of a new line of Alpine pre 
cision heat treating furnaces, available i 
capacities from 1.8 to 20 cu. ft. 


equipped with porcelain-protected thermo 
couples and direct-reading pyrometers with 
calibrated energy input and atmosphere 
proportioning. 

Safety is insured. by means of a solenoid 
valve, which cuts off the fuel in the event 
that an electrical failure stops the blower, 
then automatically relights and resets the 
fuel input when the electrical failure ha 
been corrected. Insulation of the furnace 8 
said to have been perfected to the point 
where the outside temperature of the fur 
nace is approximately 150 F at the height 
of operation. 


Oil and Gas Burner 


Designed for all furnaces requiring hig! 
temperatures and intense transfer of heat ( 


materials, a new combination gas and 0! 
B] On 


: burner is being manufactured by) 
| Engineering Co., Inc., 857 W. North Ave 
<y | Pittsburgh 33, Pa. 
» 





Heat releases up to 750,000 Bru. per “ 


\ A ft. of combustion volume can be obtaine 
\ N with the High Thermal Release (HT 
IRM MEBs S N 


burner, according to the producers, yet * 


SOUTH CHESTER CORPORATION 


1404 Finance Building Ny 
SN 
1418 South Penn Squore XY 


ss 
leone SO Ieee 


Recommended for applications where quick 
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WHEREVER HEAT OR 
CORROSION iS A PROBLEM 


Put FAHRITE on the job for sustained, higher production at lowest cost. FAHRITE 
has proved its heat-resisting ability in retorts, hearths, carburizing boxes, trays, 
hains, fixtures and centrifugally cast tubes. Whatever your operating conditions, 
d FAHRITE engineer will recommend the proper grade alloy to meet your require- 
nents. 

Ohio Steel ranks high in three essentials: 1. Design 2. Metallurgy 3. Ability 
to make a good casting. 


THE OHIO STEEL FOUNDRY COMPANY 


SPRINGFIELD, OHIO — Plants at Lima and Springfield, Ohio 
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‘in BURNISHING MATERIALS 
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heating with a small furnace has definig 
advantages, the HTR burner is said to 
differ from conventional designs in that fyd 
and combustion air are pre-mixed Withia 
the alloy nozzle, forming a uniform, cop, 
bustible mixture when discharged into th 
furnace. 

The nozzle, made of a heat resister 
alloy, reportedly is safe to operate whe 
subjected to a furnace temperature as high 
as 2800 F, and is designed to prevent the 
flame from traveling back, regardless of the 
rate of flow. Flame characteristics are sij 
to be identical using either gas or oil, the 
changeover from one fuel to another « 
complished merely by closing one set of 
valves and opening the other. 








For smooth, even roll-down burnishing of | 
flat and gently curved surfaces . . . use et % 
Abbott “Eclipse” or ““Abco” Burnishing i 
Balls. They‘re sure to do the job right! 











Ne, 
ee a (General 
\ a) Abbott Burnishing Materials, available in o's enera 
>» five shapes — Ball, Ovalball, Diagonal, i 
—t a ° . efe . it 
at uy wei n n— r t i] * * 8 . . 
Se Cone, Pi are scien ifically designed to f Porosity-Eliminating Device 
make effective contact on metal stampings | : = 
: 2 . Porosity of small cast parts can be elim T 
or castings of any size and shape. Each : inated with new high-pressure equipment 
° ° ° ° C c inch Produc C 
piece is a burnishing tool made from ms ghana ‘Sapa 5 
Abbott's high quality bearing ball steel. ee . Designed for use in the Tincher procs Hi F 
: . or reclaiming porous castings that mus 
Each is deep hardened and polished fo a withstand liquid and gas pressures, the nev V 
mirrorlike, glasshard finish. For better all ( 
‘round burnishing results . . . use Abbott! , 
Some parts require a special mixture of Abbott I 
Burnishing Materials. Send for catalog showing ( 
sizes, shapes, uses. No obligation. 
THE ABBOTT BALL COMPANY | 
1074 New Britain Ave., Hartford 10, Conn. | 
. 








This new Tincher high-pressure 1 
nates porosity in small cast t 


device treats all internal and external su! 
faces simultaneously. 

Either before or after machining, ‘ 
parts are placed in a wire basket whi " 
lowered into the pressure tank. High pt 
sure is then used to force the sealing 48°" 
into the tank and into all pores and vo 
in the casting. After treatment, which © 
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There’s a place for Houghton in this picture 


The gentleman is in conference — with him- 
self. The time, we hope, is after 5:30. The 
place could be the office of any metallurgist 
who is thinking through to 1951. 


Going through his mind in this after-hours - 


thinking are the problems facing him in the 
near future —the need for increased pro- 
duction and how to meet it. 


He's wondering, perhaps, how to speed up 
his heat treating, or how to get higher hard- 
nesses, or how to eliminate distortion. He 
may be considering the greater use of salt 
as a heating medium ... or obtaining of 
better drawing compounds for cold forming 


|... Or a more efficient coolant for machin- 
| ng, which will enable faster production. 


Houghton can be—should be—in the pic- 
ture. This service organization of ours at- 
tained its growth through the years solely 


OCTOBER, 1950 


by rendering on-the-job aid to men like him. 
If the ideas are sound, our products natu- 
rally follow. 


So when you're thinking ahead, put Hough- 
ton in the picture. Consider our 85 years of 
metal-working experience, our broad pro- 
gram of shirt-sleeved research, our per- 
sonal plant help. When 1951 rolls around 
you ll be glad you did. E. F. Houghton & Co., 
Philadelphia and all principal cities. 











“lhe HWoughtou Line 
of metal-working products: 


Heat Treating Salts, Carburizers, 
Quenching Oils, Cutting Oils, Rust 


Preventives, Cleaners, Drawing Com- 
pounds, Pickling Inhibitors, Lubricants. 


Serving Tudustry Since (S65 
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There is one 








to form this part... 





* 


MAGNIFIED 
FIVE TIMES 





A PRECISION INVESTMENT CASTING 


by BCIAAad Dla. 


Illustrated is one of the world’s smallest industrial castings, a 
rifle peep sight made by the Hitchiner method of investment 
casting for Lyman Gun Sight Corporation. This part is of 
Beryllium-Copper, heat-treated to Rockwell C-42 to provide 
a spring temper. 


It will pay you to investigate the Hitchiner method of pre- 
cision investment casting. Here is why: 


@ Low Tooling Cost: Cost of tooling is low compared to most other 
methods of manufacture. Very little set-up time is required to make 
short runs and, for quantity production, a minimum of extra tooling 
is needed. 


@ Wide Choice of Materials: Practically all ferrous and non-ferrous 
alloys can be cast including those difficult to machine or forge. 


Complex Shapes: The Hitchiner process is particularly adapted to 
complex parts with high machining costs, projections, recesses and 
under-cuts that ordinarily present difficult machining operations or 
assemblies. 


@ Finishing: Hitchiner castings have fine, sharp detail and smooth finish. 
In most cases no further machining other than the removal of the 
gate is required. 


Send us your blue prints and permit our metallurgical and 
engineering staff to provide competent advice on your small 
metal parts problems. 


HITCHINER MANUFACTURING CO., INC. 


Manchester, N. H. 
Sales Office: 967 Farmington Ave., West Hartford 7, Conn. 
AGENTS IN ALL PRINCIPAL CITIES 
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not require washing or curing, it is claime) 
that no evidence of impregnation yj 
remain. 


Ultra-Violet Mineral Light 


Two new ultra-violet Mineralights whid 
are said to meet every need for fluorescen: 
analysis have been developed by Uljy, 
Violet Products, Inc., Pasadena Ave. x 
Sycamore, South Pasadena, Calif. 

Model SL 2537 Mineralight is a sh ft 
wave lamp generally used for laboratory re. 
search, mineral prospecting, and collecting 
The wave length generated is particular 
valuable for identifying mercury ore, urani. 
um ore, and sheelite, an ore of tungsten 

Model SL 3660 is designed for genera 
laboratory research, diagnostic use, tracing 
and criminology. It is especially efficient j 
oil analysis, and many other minerals x 
spond brilliantly to the long wave length 
produced by this lamp. 

Both Mineralights operate on 110-v. a 
current or on two B batteries of 45 v. each 
The latter method is valuable in field work 
Self-insulation and rugged construction in 
both Mineralights is provided with a light 
weight Durez case. 


t 


Radiation Counter 


A new instrument for the detection a 
counting of alpha, beta and gamma pat- 
ticles has been announced by the Special 
Product Div. of General Electric Co., Sche- 
nectady 5, N. Y. 

Called a “universal scintillation counter, 





This new G.E. radiation counter 15 sata! 
offer several advantages over mor ve 
tional instruments. 


the device provides low background alph 
counting and high efficiency beta and ga” 
ma counting. It is intended for - 
counting samples and smears in healt 
physics work, for analytical determinatio” 
of disintegration rate, and in counting 4° 
ation of ore samples. 


s 
nt 
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.. AHANDY CALCULATOR 








for Annealing Alloy Steels 


to Produce Both Lamellar and Spheroidal Structures 





THE T° JGHER THE TASK. . THE MORE THEY SAVE 


OCTOBER, 







It was prepared for you by Republic Metallurgists—to help 
you obtain positive results when annealing alloy steels. 


This handy slide calculator provides data on standard 
AISI analyses ranging from 1035 to 9850—for both 
conventional and isothermal anneal. One side gives 
information for producing lamellar structures, the 
other for spheroidal structures. 


Get your annealing calculator mow ...IT’S FREE... 


Just fill in and mail this coupon 






REPUBLIC STEEL CORPORATION, ADVERTISING DIVISION 
3110 East 45th Street, Cleveland 27, Ohio 


Please send me your handy Calculator for Annealing Alloy Steels. 
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be as close to you 
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representative as 
who will giy 
about the steel on 
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a supply. 

And, of course, 
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steel supply servic 
some items 
Stocks in ] 


of steel. 


VENTS are changing so rapidly today that 
it is difficult to Predict wh 


the steel industry and its cust 
We are in constant touch with 
our mill sources, and we will 
keep you advised about the st 


atest news about the 
arious sizes, forms 
about acceptable substity 


. this ty 


€ you up-to- 


e in the industry. Although 
are in short supply, our diversified 
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Perhaps they cont 
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your Steel Service man 
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which your business de- 


best to help you locate 


it goes without Saying—we 
give you the best possible 


add up to a lot 
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ck first with U. S. 
d steel. 











WHEN YOU DEAL 
WITH US, YOU GET 


Service 


Plus! 


UNITED 





138 


UNITED STATES STEEL 


SUPPLY COMPANY 


began. ge ane LOS ANGELES 
. : 
: TON + CHICAGO ND, ORE. 
pi wrap pores ILL. » NEWARK - PITTSBURGH - PORTLA 
MILWA . dis 


AN FRA L) 
OU + TWIN CITY (ST. PAU 
* ST. LOUIS T , 
NCISCO - SEATTLE pA 
; peg INDIANAPOLIS KANSAS CITY, MO ae ADELPHIA 
nites ROCKFORD, Ill. + TOLEDO + TULSA +» YOUNGSTOWN 


i 4, til. 
Headquarters Offices: 208 S. La Salle St.— Chicago 
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A New Inspection 
Method for Metals 


@ A RECENTLY-DEVELOPED inspec. 
tion process called «ped whi 
causes cracks and other surface flaw; 
in metal parts to stand Out as sary 
scarlet lines against a white | -“ 
ground, is being used successfully 
today in many industrial testing ap. 
Al we gh Dy-Chek, like many 
other testing processes, is suitable fo; 





Two clearly defined, but previously a 
noticed cracks were found in this a : 
block when it was given Dy-Chek inspection. 


mass production inspection . om 
under factory conditions, it - 
cially valuable for peering Soa rf 
ment in the field, since inc - 
parts can be tested without pneree 
them from their place. The sa 
shaft of an engine, for ges 
be inspected without +0 diem 2 
nected—as long as it can be seen : 
reached. 


Simple Process 


Requiring only from hee - 
min. (depending upon how om — 
surface is) for oe a 
nana oye d “shits yee ics. To 
inspectors and skille - 
vais the inspection, a cosy 
red dye penetrant is app a, a 
surface of the part and al ow 
stand for a few minutes. It is ~ 
moved with a special raga 
dye remover and replace ty 
white developer pa 9p 4 bid 
face openings existing in t ib : 
then be detected by the _ i. 
fine red lines or dots create 4 high 
red dye, possessing —... : 
capillary action, is drawn 
fissure by the developer. a) sind 

Some variations of this 4 
have already been miyed ’ > 
dustry. In checking thick p 
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Corrosion of Bearings-1 


LL bearing materials should be fabri- 
cated to meet requirements of corro- 
sion resistance. These requirements are of 
two distinct types. Corrosion resistance 
prior to installation and corrosion resist- 
ance after installation. 


Prior to installation, bearings may corrode 
during shipment or in storage. The corrod- 
ing medium usually is water or water 
vapor due to occasional exposure to high 
humidity or actual condensation of water 
where cold metal is brought into a warm 
room under such conditions that the 
temperature of the metal is below the dew 
point. In some rare cases corrosion may be 
caused by certain gases present in the 
atmosphere. These instances should be 
given individual study in order to arrive at 
the proper preventive. The resistance of 
the bearing metals to corrosion due to 
water or prior to installation is of a differ- 
ent order than corrosion resistance under 
operating conditions. In this first treatise 
we will limit the discussion to the former. 


The approximate tendency to corrode in 
the presence of water is shown in figure 
No. 1, under room temperature condi- 
tions. Steel is the most sensitive of all the 
materials used and precautions have to be 
taken to protect the steel against rusting. 
The amount of protection required de- 
pends on the expected time of exposure to 
atmospheric conditions. If steel-backed 
bearings are to be placed in service shortly 
after manufacture, then a light film of oil 
will suffice. For periods of protection up 
to six months an electro-deposit of tin or a 
heavier oil coating is used. For periods of 
protection up to two years an electro- 
deposit of tin, plus a light grease is used. 
For longer periods or for overseas ship- 
ment a heavy grease is often used. 





An excellent example of resistance to corrosion is this old bronze 
anchor recently dredged up from Monterey Bay, California, 
where it had lain in salt water for over 300 years 


A protective oil is required for lead-base 
babbitt for storage periods longer than 
six months. 


Both steel and lead-base babbitt are char- 
acterized by pitting when corrosion due to 
water vapor takes place. A few pits will 
not harm either of these materials but 
extensive corrosion may result in unde- 
sirable dimensional changes. 


Copper-lead will corrode because the lead 
phase is exposed but the lead is isolated in 
small areas and not subject to the more 
extensive attack of lead-base babbitt. 


Tin base babbitt, bronze and aluminum 
may stain on exposure to the atmosphere 
but damage due to corrosion under these 
conditions is practically unknown. 


Relative Comparison of Corrosion 


STEEL 
LEAD BASE 


ALUMINUM gy 


Fig. 1 Tendency of bearing material to corrode in the presence of 
water vapor at room temperature. 


OCTOBER, 1950 


The corrosion of bearings under service 
conditions is due to entirely different 
factors than under storage conditions. 


Service conditions are discussed in data 
sheet . . ; Corrosion -2. 


Engineering Service 


Johnson Bronze offers manufacturers of 
all types of equipment a complete engi- 
neering and metallurgical service. We can 
help you determine the exact type of 
bearing that will give you the greatest 
amount of service for the longest period 
of time. We can show you how to design 
your bearings so that they can be pro- 
duced in the most economical manner. As 
we manufacture all types of Sleeve Bear- 
ings, we base all of our recommendations 
on facts free from prejudice. Why not take 
full advantage of this free service? 


s 
This bearing sheet data is but one of a series. 


You can get the complete set by writing to— 


RPE oo | 
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EEVE BEARING HEADQUARTERS 
769 S. MILL ST. + NEW CASTLE, PENNA. 
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LEBANON ALLOY CASTINGS 


Resist Sulphuric Acid Ate 





FOR CHEMICAL AND 
PROCESS INDUSTRY 


APPLICATIONS... 


LEBANON CIRCLE ( 34 
NOMINAL ANALYSIS 


Carbon Max. . 0.07 Max, 
an << + }& + « ¢.¢ ae 
Manganese. .... 0.75 
Chromium. . . . . . 20.50 
eee kw oo. SF Se 
Molybdenum. .... 2.50 
COGS. we > » «1 eee 
NOMINAL PHYSICAL PROPERTIES 
Tensile Strength . . 72,000 
Yield Point . . . 35,000 
Elongation in 2'’—% 45 
Brinell Hardness. . . 150 


Heat treatment: Water quenched. 


*Circle L 34 (FA 20) 
DuPont Specification 1364 


id 
tepaned aStin 


Valve Bodies and Fittings cast at Lebanonin 
various special sulphuric acid resistant alloys. 


URING the period of development of 

special alloys to resist sulphuric acid 
and sulphuric and nitric acid combinations, 
Lebanon played an important part in 
proving their value as casting material. 
Lebanon Circle L 34 (Stainless Type FA 
20*), analysis of which is given below, is 
an alloy created to meet this demand. 
Circle L 34, in addition to its resistance to 
sulphuric and nitric acid, offers good 
resistance to alkalis and alkali salts. 

Our familiarity with the manufacture 
of castings of special alloy materials means 
that we can readily meet your require- 
ments. Every Lebanon casting is made to 
exacting standards, inspected and thor- 
oughly tested before shipping. A complete 
laboratory, including a million-volt X-Ray 
machine, is one of the facilities upon 
which our customers constantly rely. 

Do you have copies of the Lebanon 
Data Sheets? If not, just let us know and 


we will send them along to you. 


LEBANON STEEL FOUNDRY ® LEBANON, PA, 
“In the Lebanon Valley” 


SS 
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A New Inspection Method 





* se. 
continued from Page 13 


ings, for example, one Manufacture 
applies the Dy-Chek red dye pene 
trant to the immer surfaces of 

casting and the white developer t 
the outside. Wherever Porosity y 
cracks occur, red stains appear op the 
outside of the casting, indicating tha 
the dye has found its way complete) 
through the 2-in. thick wall. ) 


Test Indications 


Experience soon enables an jy. 
spector using the Dy-Chek process » 
estimate, with some accuracy, the siz 
and depth of the surface discontinyj. 
ties. Thus,-a line of small dots ¢ 
red dye indicates a very fine crack, the 
width of which can be estimated 
some extent by the spacing of th 
dots. Scattered dots, on the othe 
hand, indicate porosity in the par 
The volume of the discontinuity cay 
be estimated by the amount of “bleed. 
ing” or spreading of the dye on the 
developer. 

Many advantages have been claimed 
for the new process over availabk 
inspection methods. They include 





Dy-Chek indications sometimes occur in the 
form of a thin line of red dots, revealing 
the presence of an extremely fine crack. 


(1) its relative inexpensiveness, (7 
its simplicity, (3) its application 0 
both ferrous and nonferrous metals 
and (4) its portability. Unlike a tev 
of the other inspection methods 
however, Dy-Chek does not detec 
sub-surface flaws. 

Plans are now in progress © 
broaden the use of Dy-Chek to sua 
industries as oil production, reining, 
transportation, marine constructio? 
and operation, the heavy construction 
equipment field, mining, and priat 
ing. It will be marketed by the Dy: 
Chek Co., a division of Northrop 
Aircraft, Inc. 


MATERIALS & METHODS 
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for any capacity requirement 


The small inexpensive EF “Pan Dumping” rotary furnace 
pictured above, assures continuous, scale free and uniform 
heat treatment of bolts, screws, springs and other small 
parts. It has capacity for 250 lbs. per hour—is equipped 
with quench, atmosphere generator and automatic controls. 


Other types of EF Rotary furnaces with capacities to 
35,000 Ibs. per hour or more, are used for heating ferrous 
and non-ferrous billets, and many other heating and heat 
treating processes. 

Let EF engineers, with their wide experience in all phases 
of heat processing, work with you on your next job. 















ee 


Gas-Fired, Oil-Fired and Electric Furnaces ” 
for any Process, Product or Production 


THE ELECTRIC FURNACE CO. 
Ria WILSON ST. at PENNA. R. R. Salem - io a 
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creased with aluminum content up 
about 6.5% aluminum. Specime 
stressed in Washington weather ;; 
more quickly than those subjected 
the same stress in the marine aty, 
phere. On the other hand, damage 
unstressed specimens at Washinoy 
was small as measured by losses 
tensile properties. 


Resistant Alloys 


Of all the materials studied, { 
M1-clad AZ31X-h alloy was the m 
resistant to stress corrosion. § 
mens of this alloy were exposed jy 
marine atmosphere, stressed to 3()( 
psi. (90% of yield strength), for § 
days without failure. 

Among the bare alloys, M1-h she 
and ZK6O extruded material ye 
outstanding in stress-corrosion resi 
ance. After 1175 days of Washing 
exposure under 16,000 psi. (55% 
yield strength), the M1-h sheet al 
had not failed. First failures of ZK 
stressed at 20,000 psi. at the san 
place occurred only after 580 dy 
specimens stressed at 18,000 psi.h 
not failed in more than 1010 days 


Susceptible Alloys 


Of the remaining alloys, bi 
AZ31X-h proved most resistal 
However, specimens of this mater 
stressed to 16,000 psi. (about 50 
yield strength) and exposed to Was 
ington weather failed after an aveti 
of 151 days. The AZ51X, AZ61X« 
AZ80X alloys were all susceptible 
stress corrosion when exposed 
20,000 psi. or more. Extruded AZ! 
was more resistant to stress Corrosi 
in the heat treated and aged conditi 
(AZ80X-HTA) than in the a¢ 
truded” condition. 


Western Steel Capacity Boost 


Expansion of steel mill capacity’ 
the Far West is being und rtaken | 
two subsidiaries of U. S. Stee! 
This expansion reflects the grow" 
market for steel on the West Cos 
as well as an expected increase’ 
defense needs. 

According to an announcel 
from Columbia Steel Co., additio 
cold reduced sheet and tif plat 
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bat Every boy and girl knows the drowsy 
sistalf/ Dormouse of Alice in Wonderland. He was el- 
ateif/™ bowed and pinched by the Mad Hatter and the 
0% @® March Hare as he mumbled in his sleep at the 
Wi tea party. 
Xa But our young people aren't so well versed in 
‘le everyday economics. They have a sadly distorted 


J picture of the profits of business. They don’t real- 


730 ize why profits are necessary, how small they are, 
rosie OT how they are divided. 
ditia For instance, in a recent survey of high school 


‘as MM Seniors, it was discovered that they believe over 
30% of the sales dollar is profit and they think 
stockholders receive 24% of it. Actually business 
profit averages less than 8%, with less than 3% 


Yj 


Vln: 


- SA 
COLL 


‘@ “T wasn't asleep,” said the Dormouse 


distributed as dividends. Business uses most of 
its profit, moderate as it is, for new plant and equip- 
ment, to improve products and to make more jobs. 

Misconceptions among our youth bode ill for 
America’s future. They open the door for too 
ready acceptance of dangerous isms and false 
foreign philosophies. Such misunderstanding of 
economics can be corrected only with facts sup- 
plied by business itself. You as a leader in your 
community must share this responsibility. 

The American business man must not allow him- 
self to be cast in the role of the Dormouse, pinch- 
ed and pilloried by the March Hares of commu- 
nism and the Mad Hatters of the “everything for 
nothing” state. 











The Youngstown Sheet and Tube Company 


General Offices -- Youngstown 1, Ohio 
Export Offices--500 Fifth Avenue, New York 


MANUFACTURERS OF CARBON, ALLOY AND YOLOY STEELS 





ELECTROLYTIC TIN PLATE - COKE TIN PLATE - WIRE - COLD FINISHED CARBON AND ALLOY BARS - PIPE AND 
TUBULAR PRODUCTS - CONDUIT - RODS - SHEETS - PLATES - BARS - RAILROAD TRACK SPIKES. 
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All these GRC tiny zine die castings 
were produced in one.autgmatic operation ! 


BR cs 





We can offer zine die castings 


as small as .000004 of a Ib. (250,000 to the Ib.) 
SMALLNESS UNLIMITED! 


GRC’s method of die casting really small parts has opened 
up new fields in designs, products and economies for hundreds 
of manufacturers. Our exclusive, high-speed mass production 
facilities turn out simple or intricate parts automatically— 
completely trimmed ready for use—100,000 pieces to many 
millions. Discover GRC’s small parts possibilities for yourself— 











What a saving of time and money for you ae 





Write Today for Bulletin and Samples. 


GRIES REPRODUCER CORP. 


84 Willow Ave., New York 54, MOtt Haven 9-2476 








Maximum Weight: 2 oz. 
Maximum Length: 2 in. 
SMALLNESS UNLIMITED 














Sed 1 Mi Hessel 


specially engineered fasteners 





Hassall cold-headed fasteners can improve your products and 
save you money, even on short runs. Send us your specifications 
for your nails, rivets and screws...in diameters from 1/32” to 
3/8”...lengths up to 7”...in any workable metal...in prac- 

@ tically any finish. Your inquiry will be handled promptly. 
& Ask for free catalog. 





162 Clay Street 


JOHN HASSALL INC. Brooklyn 22, New York 
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facilities will be installed at its pi 
burgh, Calif. plant. The new facijjy 
will have an annual capacity of aly 
215,000 net tons. The new milj 
expected to be in operation in sliphy 
less than a year. ; 

At the same time, Geneva %& 
Co. is planning new facilities gt; 
Geneva, Utah plant, which will g 
100,000 net tons of hot rolled she 
to its annual capacity. 


Bi-Metallic Stator Blades Studie 


Bi-metallic gas turbine stat 
blades, having aluminum roots { 
easy machining, are under study i 
England, according to a recent a 
nouncement by Wellworthy Aston 
Ltd. This company is holder oft 
British license for the Moleculg 
bonding of aluminum to steel by the 
Al-Fin process, developed by Fi 
child Engine & Airplane Corp., Fam 
ingdale, N. Y. 

Primary object of the study is the 
development of a rapid, economical 
method of manufacturing compress 
stator assemblies. It is thought tha 
segments containing a number d 
blades or even complete stage ring 
with integral blade sections could be 
produced with resulting cost a 
weight advantages. 


Nodular Iron Uses Outlined 


A comprehensive summary of tt 
properties and expected fields of 
plication of nodular iron was give 
in a paper presented recently by 4 
B. Everest at the annual meeting @ 
the Institute of British Foundrymet 
The paper was published in Found 
Trade Journal (July 20, 27, 199). 

The author summarized available 
data on physical properties and {abt 
cation of ductile cast irons. In adt 
tion, he concluded that these 110% 
would be used principally wher: 

1. Improved toughness and s™ 
resistance are required. Here the 1" 
can be used as-cast. a 

2. Maximum toughness, uct" 
and shock resistance are require’ 
Here a dead anneal is generally 
although with particular comp? 


§ 
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y, much of the custom molder’s 
gsiness is precision work. His 
glace in industry's confidence 


is determined by 


~~ 
e 
> 


: _ 
experience, 


progressiveness, price dependability 
and by quality...in the fullest 
meaning of the word 
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Statistical Quality Control 


Insures Quality Production! 


The parts we mold are truly counterparts of each other, 
because we police production with Statistical Quality 


Pe Control. This system of scientific sampling trues output 
P. recision F ollow Thr U to the specifications set down for it—and saves money 
by sparing the customer any need for post delivery 


of Specified Requirements __ inspections. 


— ’ . Since 1874, Consolidated has practiced high quality 
Eliminates Customer $ Inspection custom molding. As of today, therefor, we can advan- 


tageously counsel on product design, determine the 


— Saves Money! right material, produce the proper mold, and deliver 


the most desirable and most economical method of 
production. Your inquiry to our nearest or home office 
is invited! 

Please Address Dept. E-10 


onsolidated Molded Products Corporation 
A Killion Dollars in Plant & Executive Offices: 309 CHERRY ST., SCRANTON 2, PA. 





“stom Molding Facili- 
Nes to Guarantee “Your 
veprint in Plastic’. . . 
With Savings ! 


Branch Offices and Representatives in New York, Chicago, Detroit, Cleveland, Bridgeport, 
Philadelphia— and other principal cities 


CTOBER, 1950 Aas 









































She Eincinsnadg METAUOGRAPHIC POLISHING MACHINE 
produces SCRATCH-FREE SPECIMENS EVERY TIME! 








The Cincinnati Variable Speed Polishing Machine sets a 
new standard of efficiency for smoothness and simplicity 





Features of operation in the preparation of specimens for micro- 

@ No belts, no friction scopic examination . . . uniformity and scratch-free 

drive — direct-con- : ‘ ; . 

nected. surfaces are achieved consistently — even with inex- 
@ No excessive noise perienced operators — because of the smooth running, 

oF Ce direct connected, variabl eed motor which gives a 
@ No splashing of pol- =— yf “ 9 5 

ishing materials. range of speeds between 300 and 3,000 R.P.M. Write 
@ Bronze bowl, disk for Bulletin S9 for full descriptive details. 

and ring resist cor- 

rosion. 
eBall beari 

AID ala THE CINCINNATI ELECTRICAL TOOL CO. 
@ Easy to clean. 2685 Madison Road Cincinnati 8, Ohio 














When a touch on a button moves weldments like these into the correct, 
most convenient position for a downhand pass, you get more arc time, more 
welding at lower cost. C-F power operated Positioners rotate the work in a 
full circle at any point in a range of 135° from the horizontal—giving welders 
a choice of an infinite number of downhand welding positions instantly. 

Every requirement for faster, better positioned welding—constant or variable 
speed table rotation, full 135° tilt, self-locking gearing which holds the table 
in any position, oversize built-in main tilt and rotating bearings, choice of 
two base styles, and many other features—are built into C-F Positioners. 

C-F Positioners are available in Hand or Power operated models, and are 
made in capacities up to 30,000 Ibs. and larger. 


Write for the new C-F Positioner Catalog. 
1314 S$. KILBOURN AVENUE e CHICAGO 23, ILL. ; Cra 


positioned welds 


CULLEN-FRIESTEDT CO., CHICAGO 23, ILL. ~ GA mean better, mor 


a 
economical welds 
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tions the desired properties cag | 
obtained as-cast. 

3. Reduction in section, made yy 
sible by higher mechanical propettis 
leads to a saving in weight. 

4. Toughness and ductility are te 
quired in heavy-section castings, }y 
yond the scope of malleable practic 

5. Steel castings are now used Only 
because gray cast iron properties wep 
inadequate and production by th 
malleable process was not feasible 

6. Special-purpose irons are need, 
ed, e.g., austenitic cast irons with ip. 
proved mechanical properties. 


Beryllium Effects Reviewed 


Industrial health hazards resultix 
from the handling of beryllium an 
its compounds and ways of cm. 
trolling them are reviewed in a bok. 
let recently issued by the Bureau ¢ 
Mines. 

Information Circular 7574 can bk 
obtained free of charge from tk 
Publications Distribution Section 0 
the Bureau of Mines, 4800 Forbs 
St., Pittsburgh 13. 


ASTM Publications Released 


Two new publications have bees 
issued by the, American Society 0 
Testing Materials. One is a 256-pagt 
“Symposium on Evaluation Tests fo 
Stainless Steels,” the report of a cor: 
ference sponsored by Committee A-!! 
during the 1949 ASTM meeting. I 
presents a critical appraisal of some 0 
the testing methods regularly used 10 
evaluating certain, corrosion resistatl 
characteristics of these alloys. Speci! 
attention is given to (1) the signit: 
cance of laboratory test results in re 
tion to practical experience under ¢! 
verse service conditions, and (2) 
effects on behavior of stainless ste’ 
in tests and use, of lowering carbo 
contents to extremely low limits. 

The other booklet, 64 pages, ©" 
tains four technical papers and 4 © 
cussion on dynamic stress determin! 
tions. This symposium, presentec * 
the Pacific area national meeting ” 
the ASTM in 1949, summarizes v4" 
able information on the scope, app! 
ability and limitations of electro 
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Ideas on Welded Desigu—For the Engineer's Notebook 


MAKE WELDS SIMULTANEOUSLY 


When both ends or both sides of an object must be welded, both 
welds can often be made simultaneously. Production can thus be 
doubled — welding time cut in half! 

Two UNIONMELT welding heads or two HELIARC torches can often be 
used — with the weldment turning or moving under stationary 
welding equipment, or with the welding units moving over the 
workpiece. Here are examples: 


Two UNIONMELT welding heads 
are simultaneously welding both 
Sides of a stake, joining it to 
the side panel of a railroad car. 
The bridge that supports the 
carriage can be easily shifted 
for welding both the stakes and 
diagonal side braces. 





Fabrication of aluminum spools 
is. speeded by use of two station- 
ary HELIARC welding torches. The 
formed ends are joined to the barrel 
by girth butt welds. The pieces 
are held together over a backing 
mandrel, and turned under the 
HELIARC torches which make both 
welds simultaneously. 
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P. R. Mallory and Co. tells how... 
Nonferrous Powder Metallurgy 
Pays Off! 


For its washing machine 
timer cam, Mallory wanted 
critically close tolerances 
plus corrosion resistance 
combined with high density 
and strength. And all at 
pencil-sharpening low cost! 
By having Indar Corpo- 
ration fabricate the part 
from a Horse Head brass powder, Mallory sotetans 
can now report: 
ROCK BOTTOM COST. No heavy tooling costs were needed. 
Nonferrous powder metallurgy is a high-speed process involv- 


ing two straight-line operations—pressing the powder in a 
die and sintering. 


TOLERANCES HELD TO +.001” on hub and shaft hole diam- 
eters ... .002” on concentricity of hole to cam surface. 
DENSITY REQUIREMENTS MET. The cam hub was impreg- 
nated with silver which served to increase both density and 
strength. (Powder metal parts often can be impregnated to 
advantage with a variety of materials.) 

CORROSION RESISTANCE OK. Brass powders shine where 


good corrosion resistance is needed. And that’s true of other 
nonferrous powders, too, such as nickel-silver. 








LET US SEND YOU A SAMPLE of this brass powder cam. It may 
suggest how you can use the design advantages of nonferrous 
powder metallurgy. 











THE NEW JERSEY ZINC COMPANY 


160 Front Street, New York 7, N. Y.... 221 N. La Salle Street, Chicago 1, Ill 

















..- Solves Fabricating Problems 
Involved In Radial Contouring 


When the design of your products calls for any type of 





radial contouring, it will pay you to consult PHOENIXSPUN 
specialists regarding your fabricating requirements. Our 


experience covers a wide range of industrial applications. 


Submit your drawings and specifications for 
our prompt recommendations and quotations. 


PHOENIX PRODUCTS co. 


Vijphe Lal oft «UMG GI’ 
4725 N. 27th Street 


“JOBS WELL DONE Milwaukee |6, Wis. ARE PHOENIXSPUN” 
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measuring and recording device. 
Both booklets can be obtained from 
the Society, 1916 Race St., Philadg 
phia 3. The first costs $2.59 
second $1.50. 
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Precision Thermostat Developed 


for Automatic Furnace Control 


A thermostat developed by D; 
William R. Eubank at the Nation, 
Bureau of Standards is claimed to pro. 
vide smooth, continuous control of ay 
electric furnace within an extremely 
small range at temperatures betwee 
1800 and 2800 F. 

The new device is of the type ip 
which the furnace winding itself 
serves as the sensitive element, form. 
ing part of a bridge circuit for conitd 
of a thyraton tube. The thyraton cir. 
cuit then acts as a continuously vati 
able valve, allowing just enough cu 
rent to reach the furnace to compen. 
sate for a given temperature fluctua 
tion. The new thermostat is highly 
sensitive and independent of norm 
fluctuations in line voltage. 

Since it is convenient to operate, 
easily adjusted for any temperature 
and reliable for periods of continuou 
operation from a few minutes to sev- 
eral days, the device is expected ' 
provide a useful research tool in fields 
such as metallurgy, ceramics, gla 
technology and cement chemisty 
where automatic furnace control ha 
long been a problem. 


New Solder for Aluminum Tested 


Data on a new zinc-rich solder fot 
aluminum were given in a research 
report published recently in the Brit 
ish Metallurgia (July, 1950). The 
solder, which appears to be superiot 
to a number of alloys commonly use 
for this purpose, contains 95 zinc, 
aluminum and 0.01% titanium. 

Tests by C. W. Roberts mpare 
the German-developed solder w'® 
five others: 95 zinc, 5% aluminum, 
43 zinc, 35 tin, 14 cadmium and 8” 
lead; 70 tin, 30 zinc, 60 tin, 20 ca 
mium and 15% zinc; 2.5 copper 4m 
2.5% silver; and 74 tin, 20 lead an 
6% zinc. All solders gave ney com 
parable in strength to welded join 

Test pieces prepared with 9) zint 
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We’ve made them for others, we can make them for you 


(and smallr singe, too, of course) 


ES, we have been supplying these big U-S°S 

Stainless Steel angles for some time. Many 
of them have been used for the gateways of 
flood control dams. And we have made 6” x 4” 
Stainless angles, too, for the catapult track- 
ways of plane launchers on Uncle Sam’s air- 
craft carriers. 

If you are in the market for equally big 
Stainless Steel angles or for other structural 
shapes in dimensions beyond the ordinary, 
here’s the place to come. 

In U-S’S Stainless Steel, you can obtain not 


AMERICAN STEEL & WIRE COMPANY, CLEVELAND - 


COLUMBIA STEEL COMPANY, SAN FRANCISCO - 


only the widest range of sizes, but a complete 
selection of compositions and finishes as well. 
And, in addition, the services of our trained 
Stainless Steel engineers are available to you. 
They will assist you in selecting a material that 
fits perfectly the requirements of the job. 


Remember, too, that U’S’S Stainless Steel is 
a perfected, service-tested material, subjected 
to stringent control and close observation at 
every stage of production. It’s made to give you 
the finest in Stainless performance. 


CARNEGIE-ILLINOIS STEEL CORPORATION, PITTSBURGH 
NATIONAL TUBE COMPANY, PITTSBURGH - 
UNITED STATES STEEL SUPPLY COMPANY, WAREHOUSE DISTRIBUTORS, COAST-TO-COAST - 


TENNESSEE COAL, IRON & RAILROAD COMPANY, BIRMINGHAM 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


U-S*S STAINLESS STEEL 


SHEETS - STRIP - 


_— ON !YT € 6b 


TOBER, 1950 


PLATES - BARS - 


Be ek 


BILLETS - PIPE - TUBES - WIRE - SPECIAL SECTIONS 
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WITH SCALE-FREE 
Saue Steel AJAX-NORTHRUP HEAT 


Billets heated to forging temperature by ordinary methods lose from 2 to 6% 


of their weight in die-wearing, surface-pitting scale . . . a loss that costs from 
one to five dollars a ton for most high strength alloys. Ajax-Northrup scale- 
free induction heating eliminates this waste, and gives you better forging to 
boot! Send for our technical bulletins today . . . find out for yourself how 


Ajax-Northrup heating can give you better forgings for less money. 


AJAX ELECTROTHERMIC CORPORATION - AJAX PARK * TRENTON 5, NEW JERSEY 







Associate AJAX ELECTRO METALLURGICAL CORP, 
Companies AJAX ELECTRIC FURNACE CORPORATION 
AJAX ELECTRIC COMPANY, INC. 
AJAX ENGINEERING CORPORATION 


HEATING & MELTING 








HOW THE WROUGHT BRASS 
INDUSTRY CONSERVES METAL 


No industry melting commensurate tonnage* of 
vital metal can quite match the brass mills for conser- 
vation and low melting losses. The savings of metal 
total millions of pounds; clearly the method they use 
is worth noting: 


Virtually all the brass mills in North America use 
the Ajax-Wyatt induction melting furnace, for it has 
the lowest metal losses in the field — less than 1% — 
with superior temperature control and unapproached 
economy of operation on high production schedules 
such as we have today. 


The accepted melting tool in brass rolling mills 
throughout the world. 


* Upwards of 5 billion pounds annually. 


AJAX ELECTRIC FURNACE CORP. 


1108 Frankford Avenue * Philadelphia 25, Pa. 


AJAX inouctioN MELTING FURNACE 


WYATT 











ASSOCIATE AlAk METAL COMPANY, Now-Ferrou: ingot Motel: and Alloys for Foundry Use 
X ELECTROTWERMIC CORPORATION, Ajax-Northrup Migh Frequeacy induction 
COMPANIES: Ajax ELECTRIC COMPANY, INC., The Ajex-Hultgres Electric Selt 
AJAL ENGINEERING CORPORATION, Ajax Tame Wyat Aluminum Mtelimg bach te 


fil 
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and 5% aluminum, with or with» 
0.01% titanium, retained the hich 
est proportion of their tens) 
strength after exposure to a varie 
of corrosive conditions, and ip , 
case did fracture take place by p 
ing at the joint. The relatively hig 
melting point of this alloy, althoug 
necessitating some attention to teq 
perature control during jointing, § 
not expected to affect its usefulnes 





News of Engineers 


The first Doehler Award of the Ameri 
can Die Casting Institute was presented 
C. R. Maxon, of the New Jersey Zinc Co, 
during the organization’s annual meeting 
The award was in acknowledgment of Mr. 
Maxon’'s “outstanding achievement cm 
tributing to the advancement of the die 
casting industry this year,” which cm 
cerned his work with Federal agencies in 
the Canal Zone earlier in the year. 


Malvern J. Gross has been appointed 
administrative assistant to Dr. Kenneth H. 
Kingdon, technical manager of the Knoll 
Atomic Power Laboratory. He formerly 
was vice president of the General Electric 
X-Ray Corp., in charge of engineering. It 
was also announced that Robert Paxton 
manager of the Transformer & Allied 
Product Divs. of G.E.’s Apparatus Dept, 
was named manager of manufacturing 
policy, with headquarters in New York 
City and Schenectady. Mr. Paxton succeeds 
Raymond R. Rausch, vice president, wh 
has resigned to return to the automotive 
industry. 


Jessop Steel Co. has announced the 
appointment of Frank B. Rackley, exec 
tive vice president, to the position 0 
president of the company. At the age 0! 
33, he is the youngest president of a stet! 
producing company in the United States 


Walter L. Havekotte has joined Fit 
Sterling Steel & Carbide Corp. as assistant 
manager of research. Prior to this n¢v 
position, Mr. Havekotte had been resear( 
engineer for Battelle Memorial Institut 


"y 


Directors and officers of Rem-Cru ! 
tanium, Inc., a new manufacturing ©” 
pany jointly owned by Remington Am 
Co., Inc. and Crucible Steel Co. of Ame 
ica, have been announced. Chairman 
the board of Rem-Cru is C. K. Dé 
president and general manager of Kemi0e 
ton. W. H. Colvin, Jr., pres: ent 0 
Crucible, was named president an¢ * 
director. Other officers include: vice pi 
dent and a director—R. S. Poister, 
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@ For a full 3000F 


For use to 2800F 
a 


For use 


to 2600F 





For use 


to 2300F 


For use 
ted . RS to 2000F 
1¢ Co, ¢ 
ering. 
of Mr. 

Oi Bay 

he die | For use to 1600F exposed 
Bo For use to 2000F as backup 
cies if 





jointed 

eth H. 

Knolls i 
rmetly [ou can make important savings in These same insulating materials can cause they reduce the number of joints, 
‘lectric fuel by taking advantage of the quick also be obtained in large size units and require less mortar for bonding. 
ing. (eating characteristics of J-M Insula- called Johns-Manville Insulating 


: : I ill j to let hns-M ill 
axion, Ming Fire Brick. These light-weight Fireblok. This product has many ad- } VRE POT 70M to tet 6 JONRS-EnTENS 


Allied ML: ‘ insulation engineer explain the many 
Me’ Mick permit a quicker rise to proper vantages over the smaller size fire ae ea eee b , 
Dent ; ways in which you can save by using 
f perating temperature in the furnace brick for certain types of jobs... . ; 

turing 7s. ie these insulations in your furnaces. Just 
“y_. mepecause of their low heat storage capa- from both a construction and stability ; ae 

Yor mi . di b ' gets sdidiidtes The Mestiick wntiecih te Some for further information to Johns- 

, an w n ivity. ndpoint. The Fi . 

icceeds HE. ee eee | ee Manville, Box 290, New York 16,N. Y. 


: whim bere furnaces are being intermit- quickly applied because they are easy 


a "S-MANV? 
motive getly operated these are two espe- to cut and fit. Fireblok insulations JM 


ially important characteristics. provide additional heat savings be- 
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execu: 
JM-1620 JM-20 JM-23 IM-26 JM-28 JM-3000 
On SHEE Densities, Ib per eu ft... 2... 2. 20s00e. 29 35 42 48 58 63-67 
age © Transverse Strengths, psi............. 60 80 120 125 120 200 
a steel Cold Crushing Strengths, psi.......... 70 115 170 190 150 400 
States linear Shrinkaget, percent............ 0.0 at 2000 F 0.0 at 2000 F 0.3 at 2300 F 1.0 at 2600 F 4.0 at 2800 F 0.8 at 3000 F 
 s Reversible Thermal Expansion, percent. 0.5—0.6 at 0.5—0.6 at 0.5—0.6 at 0.5—0.6 at 0.5—0.6 at 0.5—0.6 at 
Firtl 2000 F 1 2000 F 2,000 F 2000 F 2000 F 2000 F 
sistant ce 
Conductivity* at Mean Temperatures 
snes WAV isthe etn espera 1.5 1.92 2.00 3.10 
search og DS hp IIR 1.02 1.22 1.91 2.22 2.50 3.20 
FOOD Pete 0c AIRS EWSETS 0 2G 6 0% 7 2.31 2.52 3.00 3.35 
tit a ER Ra NR Ea o 1.72 2.7 2.82 3.50 3.60 
rl Recommended Service | 
Back up........ peavlicnwdsed 2000 F 2000 F 2300 F 2600 F 2800 F 3000 F 
col Bepecell, n66% aa. si giilaviitinaion ie 1600 F 2000 F 2300 F 2600 F 2800 F 3000 F 
A ¢ ' . ’ 
: 124-hr. simulative service panel test for *Conductivity is expressed in Btu in. per sq ft per F Note: Above tests are in accordance 
Amel JM-3000; 24-hr. soaking period for other brick. per hour of the designated mean temperatures. with A.S.T.M. tentative standards. 
if I \ 
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WHY GUESS THE 
TEMPERATURE 
..»» When you can SEE it! 


PYRO 


Radiation 
Pyrometer 


Tells spot temperatures instantly in 
heat-treating furnaces, kilns forgings 
and fire boxes. No parte ee lead 
wires or accessories needed! Tempera- 
ture indicated on direct-reading dial at 
a press of the button. Any operator can 
use it. Two double-ranges for all plant 
needs. Write for FREE Catalog No. 100. 


PYRO 


Optical 
Pyrometer 


Determines temperatures 
of minute spots, fast- 
moving objects and 
smallest streams —at a 
glance! No _ correction 
charts or accessories 
needed. Easy to use— 
weighs only 3 Ibs. Spe- 
cial types available to 
show true spout and pour- 
ing temps. of molten fer- 
rous metal measured in 
open. Five temp. ranges. 
Write for FREE Catalog 
No. 80. 




















EIGHT INSTRUMENTS ALL IN ONE 


The NEW PYRO Surface Pyrometer 
handles all surface temperature mea- 
suring jobs. Has 8 types of thermo- 
couples; all interchangeable in seconds 
with no recalibration or adjustment. 
Automatic cold end 
compensator, shock, 
moisture and dust 
proof. Accurate, big 
4%” indicator. Avail- 
able in 5 temperature 
ranges. Get FREE Cat- 
alogue No. 160. 


BETTER 
TEMPERATURE 
CONTROL FOR 
NON-FERROUS 

FOUNDRIES 


The Pyro Immersion 
Pyrometer is shock 
proof, moisture proof, 
dust proof, immune to 
magnetic influences. 
Shielded steel housing. 
Instantly interchange- 
able thermocouples 
without adjustment or 
recalibration. Large 4” 
scale. Equipped with 
exclusive Lock Swivel. 
Ranges 0-1500 and 0- 
2500 F. Get FREE Cat- 
alogue No. 150. 


THE PYROMETER INSTRUMENT CO. 


New Plant & Laboratory 
BERGENFIELD 27, NEW JERSEY 


Manufacturers of Pyro Optical, Radiation 
Immersion and Su Pyrometers 
for over 25 years. 


































News Digest 





cible vice president in charge of opera- 
tions; vice president, treasurer and a di- 
rector—W. U. Reisinger, Remington vice 
president and treasurer; vice president— 
W. F. H. Mattlage, Remington director of 
production; secretary—K. R. Vogel, sec- 
retary of Crucible; and directors—M. R. 
Warden, vice president and assistant gen- 
eral manager of Remington; and L. L. 
Ferrall, Crucible director of metallurgy. 


Walter V. Ronner has been appointed 
to the post of director of industrial rela- 
tions for the Lewyt Corp. Mr. Ronner had 
previously held the same position with 
Revlon Products Corp. 


The election of Admiral Jonas H. Ing- 
ram, U.S.N. (retired) as a vice president 
of Reynolds Metals Co. has been an- 


nounced. 


D. Gray Weaver, formerly in the Prod- 
uct Development Laboratory of the Ache- 
son Colloids Corp., has been transferred 
to the Newark office, where he will assist 
in the co-ordinating of technical and re- 
search problems involving Acheson Col- 
loids Corp. and Acheson Colloids, Ltd. of 
London. 


Vanadium Corp. of America has named 
Howard H. Wilder manager of its Iron 
Foundry Div., with headquarters in De- 
troit. Mr. Wilder previously served as 
chief metallurgist of the Foundry Div. of 
the Eaton Manufacturing Co. 


Ivan E. Howard, hydraulics and lubrica- 
tion engineer, has been appointed regional 
supervisor of the Industrial Truck Div. of 
the Clark Equipment Co. in the South 
Central territories. His headquarters will 
be in Peoria, IIl. 


The American Bridge Co. has awarded 
the Gary Medal to George E. Howe, de- 
signing engineer, and T. A. Foster, chief 
clerk, for 50 years of continuous service 
with this United States Steel Corp. sub- 
sidiary. 


James F. Stomber has joined The Han- 
son-Van Winkle-Munning Co. as admin- 
istrative assistant. He formerly served as 
assistant to the vice president and comp- 
troller of the Lee Higginson Corp. 


Westinghouse Electric Corp. has 
awarded Benjamin Garver Lamme scholar- 
ships to two of its engineers—E. A. 
DeZubay, research engineer at the West- 
inghouse Research Laboratories; and G. 
W. Hardigg, design engineer in the Com- 
panys Aviation Gas Turbine Div. Each 
scholarship is valued at $2500 plus travel- 
ing expenses, and is to be applied toward 
full-time graduate study at an accredited 
university either here or abroad. 


Richard W. Webster has joined John 
W. Masury & Son, Inc. as a consultant. 
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The International Nickel Co., Inc. has 


BURLING 


TEMPERATURE 
LIMIT SWITCHES 


SE NO LIQUIDS . . . NO Gasy 





—— . 4 


MODEL H 






Literature 
on 
R pproved by Facto 
oquest Mutual Labersterie, 


Improved High Temperature Safety Swit 
Available with switch normally closed for cy. 
ting off heat, stopping fan, closing valve 
with switch normally open for lighting lamp » 
ringing bell—with single pole double thro 
switch . . . breaks heating circuit while closin 
alarm circuit. 

Accurate, Rugged, Dependable 





Corrosion and heat resisting tube 

Dial Pointer for easy setting inside cose 
Locking screw locks temperature setting. 
Terminal plate has large screw terminals 


troubles 
@ Range minus 100° to 1400° F. 
Adjustable range 200 degrees 
@ Dimensions—5¥" x 134” x 3” 





MODEL V-I 


For lower temperature 
range from 0-300°F. 
Available for minimum 
of —100° to maximum 
of 600°F. Usual ad- 
justable range 50-150°, 
operating differential 
may be as small as +% or as large 
+5°. Adjustable by screw and dial inside 
case. (Sizes 234” diameter X 41%” high! 





MODEL D 

Adjustable range 
200-500°F. Tem- 
perature range 
0-1400°F. For use 
where temperature 
must be changed to 
suit operating conditions. Turn outside 


knob to change temperature setting. (Sizes 
5% x 2% x 2%") 


Instruments also Built to Specifications 








Making Precision Controls for Over 12 Yeo 





BURLING INSTRUMENT CO 


Springfield Ave, at Livingston St: 
Newark, WM. J. 





MATERIALS & METHOD! 


Snap-action Micro-Switch eliminates contoct 
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Heoter plugs 
and similar appliance 


parts. 


witch, 














HOW TO CHOOSE YOUR 


HEAT RESISTANT GRADE 


PHENOLIC MOLDING COMPOUND 


Properties 
you need 


Excellent finish and 
resistance to heat and 
moisture, improved impact 
strength. 


DURITE 
recommends 


For general use: 533 
For highest heat 
resistance and impact 
strength: 577 

Black or brown. 





r Cut. 

ilve~ 

Mp oF 

throw 

losin HP Cooking utensil handles, 
electric iron handles, etc. 










Lustrous finish, good 
heat and moisture 
resistance. 





For improved heat 
resistance: 509 

For good heat resistance 
with higher impact: 533 
For general use: 560 
Black or brown. 





Is 
ntact 


Diamond wheel cores 
and similar industrial 
applications. 











Improved impact 
coupled with good 
heat resistance. 





Improved impact: 577 
Black. 

Highest heat resistance: 739 
Black or brown. 





Electric waffle base, 
toaster bases, etc. 









Lustrous finish, good 
heat and moisture 
resistance. 





For general use: 560 
For improved heat 
resistance: 509 

For improved heat 
resistance with higher 












% impact: 533 

. Black or brown. 

ge 

m- 

© Good heat and moisture mds ape: “et bese 

a Heavy duty switches. resistance with good For improved impact: 577 
- impact properties. ied . 

de 



























made-{ 


requirements. Address: 





"CTOBER, 1950 









UREE Write for catalog, fully describing the wide range 
%! DURITE phenolics for General Purpose, Heat Resis- 
tance, Electrical Resistance, 
— 0-order Modifications of standard materials em- 
odying special characteristics 


Resistance—and 


your specific 





DU 


Molding Powders - Bonding Resins - Cements 


THE BORDEN COMPANY 


Dept. MM-100, 350 Madison Avenue 
New York 17, N. Y. 


CHEMICAL DIVISION 
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Mounting Flange Bracket 
For Westinghouse Generator 
Using 410 Stainless 


The ultimate in 
PRECISION CASTINGS 


Booking dies and frozen 
mercury patterns assure you of 


BOOKING 7° UNPNES 
DIES 


CLOSE TOLERANCES 
The big plus 60-80 MICRO FINISH 
in 


MINIMUM MACHINING 
PRECISION Intricate one-piece castings 
weighing up to 40 lbs. All ferrous 


| CASTINGS | and non-ferrous metals. 











ALLOY PRECISION CASTINGS Co. 


EAST 45th ST. AND HAMILTON AVE. . CLEVELAND 14, OHIO 

















Send for this BROCHURE today! 


A Brief Survey of 


TECHNICAL CHARACTERISTICS 
of 


MOLDED CERAMIC PRODUCTS 


* 





Gives to It’ 
t's Free! 
Technical ar Wig : 
Specifications Special Applications 
No 
Obligation 


Prepared by the Technical Stall of the 


STAR PORCELAIN COMPANY, Trenton, N. J. 









= > = —= = —_ 


15-page illustrated booklet describes a wide 
variety of moulded ceramic compositions; 
technical specifications can be readily 











adapted to solve your materiel problems. 


e 


STAR 
PORCE es Nail 


‘ 





MUIRHEAD AND JAY AVES. TRENTON, N 
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News Digest 

































announced the sudden death of Harojj{ 
Arnold, technical assistant to the presi). 
of Inco. 


Charles N. Safford, president ap, ; 
rector of the Lovejoy Tool Co., died 9J 
denly in Burlington, Vt. 





News of Companies 


The Remington Arms Co., Inc., Bridg 
port, Conn., and Crucible Steel Co. d 
America, New York City, have announ 
the formation of a jointly-owned compu 
Rem-Cru Titanium, Inc., which will » 
duce titanium metal and titanium ally 
products. Headquarters for Rem-Cru yi 
be established in the Pittsburgh, Pa. we 
but sales and research activities are bei: 
handled from the Bridgeport office ¢ 
Remington for the time being. C | 
Bradford, who has been in charge 
titanium sales, pilot production and ge 
eral development for Remington, wd 
named director of operations of the na 
company. 


Purchase of a plant in Bowling Grea 
Ky., by Westinghouse Electric Cor), 
Pittsburgh 30, Pa., has been announce! 
This new plant, expected to be in oper 
tion by the end of the year, will almost 
double the flashbulb production facilities 
of Westinghouse. 


Flexible Tubing Corp. will move No 
15, 1950 from its present location 
Branford, Conn., to a new plant on Whit 
field St. in Guilford, Conn. 


Plans to consolidate the operations 
The Baldwin Locomotive Works, Phit 
delphia, and Lima-Hamilton Corp. hurt 
been announced. The proposed name 
the new company is Baldwin-Lima-Ham 
ton Corp. 


A new unit of a plastics plant nc 
Parkersburg, W. Va., owned by £. |. is 
Pont de Nemours & Co. (Inc.), W 
mington, Del., has entered into the com 
mercial production of “Teflon” tim 
fluoroethylene resin, an industrial plastid 
highly resistant to chemicals and he# 


A new plant for the production of ele 
trolytic chromium is going to be 
structed at Sault Ste. Marie, Mich., by the 
Electro Metallurgical Div., Union Carbide 
& Carbon Corp., New York 17. The plat 
is expected to be in operation in & 
Spring of 1951. 


Hy-Pro Tool Co., a subsidia! of Lor 
tinental Screw Co., is now completely © 
tablished in a new plant adjoining 
tinental Screw in New Bedford, Ma 
and full capacity operation has be 
reached. At the same time, Hy-Pro ” 


MATERIALS & METHO? 








a eyelone was the 
hit of the show! 


Back in ‘35 at the Amphitheatre in Chicago, Lindberg’s 
CYCLONE Furnace was the hit of the show. . 

because it brought to every heat treater a new and better 
way to do his job! The CYCLONE Furnace— | 
our first product, was the first practical 100% forced 





convection furnace. It represents a basic improve- 
ment in existing equipment—it has never been 





~~ successfully imitated. 


Through the years we have grown in size and in the 

ree d scope of the products we produce. We will have 

cg the products of eight divisions on display at this year’s 
show—many of these products representing basic 
improvements in the tools of your trade. 


Greea 

Corp 

UNCe 

2 

open on display: 
almost 

cilities HEAT TREATING FURNACES 

MELTING FURNACES 


HIGH FREQUENCY EQUIPMENT 

Whit ELECTRICAL EQUIPMENT 
LABORATORY EQUIPMENT 

- AIR & HYDRAULIC EQUIPMENT 

have FABRICATION 

as AUTO ACCESSORIES 


Lami 


nelle Sure to see our exhibit — Booth # 1204— National Metal Congress, Amphitheatre, Chicago, October 23—217, 1950 
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= LINDBERG ENGINEERING COMPANY 


2451 W. Hubbard Street * Chicago 12, Illinois 
























ENGELHARD 


meets every 


THERMOCOUPLE 
NEED! 


Noble Metal 
Thermoelements 


and Thimbles 


platinum vs. platinum-rhodium— 
repaired at substantial savings, 
with credit for reclaimed metal. 


Base Metal 
Thermoelements 


chromel vs. alumel iron vs. 
constantan copper vs. 
constantan 


Standard 
Insulators 


All types and sizes 


Primary and 
Secondary 


Protection 


Tubes 


Terminal Heads 
and Lead Wire, etc. 


At Engelhard, you will find a com- 
plete line of thermocouples and ac- 
cessories to meet all requirements. 
The individual parts of Engelhard 
thermocouples are selected and as- 
sembled for your specific conditions 
of atmosphere and temperature. You 
can rely on Engelhard’s more than 40 
years of research and instrument- 
building experience to solve your 
temperature measurement problems. 
Write for complete information today. 


CHARLES ENGELHARD, INC. 


850 PASSAIC AVE., EAST NEWARK, N. J. 
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News Digest 


nounced the appointment of Arthur B. 
Hagan & Associates, Chicago, as a direct 
factory representative. 


Expansion of operations has caused The 
National Radiator Co., Johnstown, Pa., 
to begin construction of a new sheet 
metal plant in Altoona, Pa. It is scheduled 
for completion in December, and should 
be in operation the first of the year. 


Hooker-Detrex, Inc. has announced the 
completion of a large trichlorethylene 
plant at Ashtabula, Ohio, which will be 
utilized in the manufacture of Perm-A- 
Clor and Triad metal degreasing solvents 
for the Detrex Corp., Detroit 32. Full 
production capacity is expected to be 
reached by Nov. 1, 1950. 


Formation of a Product Engineering 
Dept. has been announced by the Aélantic 
Steel Co., Atlanta 1, Ga. F. A. Teeple, Jr. 
was named manager of the department, 
and his staff of metallurgical and product 
engineers is composed of Fred O. Reese, 
Emmett R. Rushin, Lawrence A. Wallace 
and Michael F. Wiedl, Jr. 


International Harvester Co. has put 
into operation the first unit of its new 
research foundry located in the company’s 
manufacturing research building at 5225 
S. Western Blvd., Chicago. G. P. Phillips 
became general supervisor of foundry re- 
search, and A. W. Anderson assistant 
general supervisor. The second unit is now 
being established, and is expected to be 
completed during the next year. 


The assets of the Engine Div. of the 
Atlas Imperial Diesel Engine Co., Oak- 
land, Calif., have been purchased by The 
National Supply Co., Pittsburgh, Pa. Pro- 
duction of Atlas Imperial engines and 
service parts will be transferred to Na- 
tional’s Superior Engine Div. in Spring- 
field, Ohio, as rapidly as possible. 


John A. Roebling’s Sons Co., Trenton 
2, N. J., has appointed A. B. Murray Co., 
Inc., Elizabeth, N. J., as their agent for 
Blue Center wire rope, wire rope slings 
and wire rope fittings. 


A new plant for the manufacture of all 
types of ingot molds and accessories is 
being erected between 167th St. and the 
Calumet River in Lansing, Ill. by the 
Vulcan Mold & Iron Co., Latrobe, Pa. 
Completion date is scheduled for Apr. 1, 
1951, and the new plant will be known 
as the Chicago Div. of Vulcan. 


Koiled Kords, Inc., New Haven, Conn., 
has appointed R. D. Fleck & Co., Ltd., 
Oshawa, Ont., exclusive distributor in 
Canada for all types of Koiled Kords. 


A jointly-owned company and plant 
has been put into operation in Cleveland 
by the Republic Steel Corp. Cleveland 1, 
and Henry L. Crowley & Co., Inc., West 
Orange, N. J. Known as the Crowley- 
Republic Corp., this new plant will sup- 



































Saves Labor ! ; 
| \ Eliminates Emery ,o 
s _ Cleaning! 


apenas 


| | y? Prolongs Die Life! ' 


for Rockford Drop Forge (Co, 
Rockford, lilinois 


HYDRO-FINISH increases die life for 
Rockford Drop Forge by eliminating 
surface-disturbing emery cleaning a 
end of runs. Hand polishing is cut toa 
| minimum because it’s done before heat 
treating. Hydro-Finish removes 2 
heat-treat scale, holds tolerances and 
leaves surface smoother than hand 
polishing. Estimates show Hydro 
Finish will pay for itself out of saving 
in two to three years! 
HYDRO-FINISH simplifies manufactur 
and maintenance of tools, dies and 
molds. Costly hand work is reduce 
and surfaces are virtually free from 
directional grinding lines. Hydrr 
Finish assures hetter bonding, ele 
troplating, painting—gives you ' 
surface you want within .0001”! 





FOR FULL INFORMATION visit ou: Booth No. 
2560, NATIONAL METAL CONGRE $$ AND 
EXPOSITION, Chicago, Ill. (Oct. 23-27), 
write for Bulletin 1400A to: Pancsorn Cor 
poration, 1700 Pangborn Blvd., Hagerstow® 
Maryland. 


Pangborn 


BLAST CLEANS CHEAPER 
with the right equipment 
for every job 























MATERIALS & METHOD 










= CA speeds production, cuts cleaning costs 
on a wide range of metal parts... with 


my VAPOR 
iat DEGREASING 


From fabricated steel racks... 
castings .. 


e Co, 
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ourtesy: Radio Corporation of America, Camden, N. J. 


springs to machine housings. 





USE DU PONT TRICHLORETHYLENE 
DEGREASING SOLVENT 


Thousands of manufacturers are using 
Du Pont Trichlorethylene for vapor de- 
greasing. 

Under various trade marks, Du Pont 
degreasing solvents have been widely used 
for many years. These solvents are stable 

.. the best yet developed by Du Pont for metal degreasing. They 
stand up against contaminating and destructive materials which 
may be introduced in degreasing . . . assist materially in carrying 
out efficient cleaning. 


Tune in Du Pont “Cavalcade of America” Tuesday nights—NBC coast to coast 


for VAPOR. DEGREASING 


SOLD NATIONALLY THROUGH DISTRIBUTORS . 


Sieh ere ne TS A etn ae BS Bite ~ 






BL An neal dear. Bi 






SEND FOR HELPFUL 
FREE LITERATURE 


These three booklets will give 
you detailed information on 
the advantages of vapor de- 
greasing, the equipment, in- 
dustrial applications, and the 
Du Pont degreasing solvents. 

Sat the coupon to- 


E. I. du Pont de Nemours & Co. (Inc.) 
Electrochemicals Dept., Wilmington 98, Del. 


Please send me your free literature covering the vapor de- 
greasing process and solvents. We are interested in cleaning 








to aluminum microphone 
. all kinds of parts made of all types of metals 
are cleaned quickly and economically by vapor degreasing 
in the Camden plant of the Radio Corporation of America. 


In 1940, RCA replaced the hand cleaning of its electronic equipment parts with 
this speedy modern method. The trichlorethylene solvent, supplied by equipment 
manufacturers under various trade marks, has proved highly efficient in the removal 
of oil, dirt, and grease from even the most intricate parts. The work is degreased 
before and after machining and finishing . . . is delivered clean and dry, ready for 
inspection or further processing. As a result, RCA has been able to speed up pro- 
duction, yet hold down its cleaning costs. 


The increased production and reduced operating time realized at RCA may 
indicate the possibility of more efficient cleaning with vapor degreasing in your 
plant. An investigation of this rapid, thorough and economical method will prove 
to you why it is being used by thousands of plants to clean work ranging from watch 
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WHAT ABOUT 
STRESS RAISERS? 


This hook gives 
the answers.. 


How to avoid the localized 
stresses which start failure is 
a basic problem of design. 
This 72 page booklet analyzes 
many good and bad features 
of design. It also deals with 
problems of steel selection 
and treatment from the view- 
point of the design engineer 
—instead of the metallurgist. 


Write for “3 Keys to Satisfac- 
tion’”’—it is free. 


Climax Molybdenum Company 
500 Fifth Avenue - Hew York City 


i good design 
+ 
a good steel 


+ 
CS? good treatment 
v = satisfaction 4 
Please send your & 
FREE BOOKLET ~ 
3 KEYS TO SATISFACTION 





































News Digest 


plement the production of “Croloy” at 
the West Orange facilities. 


American Anode, Inc., Akron, Ohio, has 
purchased the Wayne Knitting Mills plant 
at Riverside, N. J. Present facilities will 
be increased to manufacture latex prod- 
ucts, with full production expected by 
June 1951. 


News of Societies 





The Resistance Welder Manufacturers 
Assn. has moved its headquarters from 
505 Arch St. to a larger building located 
at 1900 Arch St., Philadelphia 3. 


The 19th National Exposition of Power 
and Mechanical Engineering will be held 
in Grand Central Palace, New York City, 
from Nov. 27 to Dec. 2, 1950. For the 
first time, the Exposition will be conducted 
under the auspices of the American So- 
ciety of Mechanical Engineers, in con- 
junction with the Society's annual meeting 
at that time. 


The Illinois Institute of Technology has 
added two new members to its staff. Dr. 
William Rostoker, a lecturer at the Uni- 
versity of Birmingham, England, was ap- 
pointed an assistant professor of metal- 
lurgical engineering. And Charles H. 
Parcells, formerly a metallurgical assistant 
at the International Harvester Co., was 
named an instructor in metallurgical en- 
gineering. 


The 10th International Heating and 
Ventilating Exposition, also known as the 
Air Conditioning Exposition, is scheduled 
to be held at the Commercial Museum in 
Philadelphia from Jan. 22 to 26, 1951. 
The display will be under the auspices of 
the American Society of Heating & Ven- 
tilating Engineers, in connection with the 
Society's 57th annual meeting. 


Dr. Gustavus J. Esselen, vice president 
of the United States Testing Co., Inc., was 
recently elected vice president of the 
Society of Chemical Industry, which main- 
tains its headquarters in London, England. 
Dr. Esselen will continue in his capacity 
as chairman of the American section of 
the Society, in addition to ‘his new duties 
as vice president. 


An exposition of modern laboratory 
equipment will be a feature of the 1951 
Pittsburgh Conference on Analytical 
Chemistry & Applied Spectroscopy, to be 
held from Feb. 28 to Mar. 2 in Pittsburgh, 
Pa. The Conference is jointly sponsored 
by the Analytical Chemistry Group of the 
Pittsburgh Section of the American Chem- 
ical Society and the Spectroscopy Society 
of Pittsburgh. 




























































GRAPHITE METALLIZING 
CORPORATION 


1010 NEPPERHAN AVENUE, YONKERS 3, NEW YOR 
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HE WANTED A BETTER METAL 
FOR HEAT EXCHANGERS 


“Our magnesium chloride heat ex- 
changers operate at 50 psi. and aver- 
age temperatures of 180° F.,”’ said 
a producer of magnesium. “The air- 
free solution is circulated at a velocity of 6'2 feet 
a second. Our present equipment suffers from 
corrosion pitting and stress corrosion cracking.”’ 


INCO’s Corrosion Engineering Service reviewed all 
reports on magnesium chloride which were contained 
in the Corrosion Data File. 


A comprehensive summary of this information was 
sent to the producer. (He later requested additional 
copies for members of his staff.) 


Space limitations make it impossible to give com- 
plete details of the summary here.* The principal con- 
clusions drawn were: 


1 Corrosion rate of Inconel in relatively air-free solu- 
tions of hot magnesium chloride will ordinarily be 
less than 1 mdd. 


2 Inconel is usually not subject to pitting below the 
liquid level. 


3 Inconel is not subject to stress corrosion cracking. 


4 In air-free solution under vacuum, Monel showed a 
corrosion rate of 2 mdd. 


5 Ni-Resist and 30% nickel cast iron have sufficient 
corrosion resistance to be useful materials for 
pumps and valves. 


The producer installed Inconel equipment with con- 
siderable success. 


“Copies of the full summary, exactly as furnished this 
broducer, are available. lf you'd like one, use the 
coupon at the right. 








One easy step led to the solution of the problem 
at the left. 

That’s not unusual. 

For more than 25 years, INCO’s Corrosion 
Engineering Service has_been studying all forms of 
corrosion, making laboratory and field tests, 
summarizing and compiling corrosion data. 


Complete records ... secured through tests on 
over 40,000 metal and alloy specimens... are 
now in INCO’s Corrosion Data File. 

Corrosion rates, pitting tendencies and similar 
information pertinent to your problems may also 
be in this file right now. We'll place it at your 
disposal ... without cost or obligation. 

If you have a knotty question involving corrosion 
and would like belp, here’s all you have to do. 

Just tell us the significant details of the problem 
you face. We’ll go ahead from there. 


The coupon below will bring you a specially 
prepared work sheet which makes your part of 
the job an easy one. Send for it. . . today. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street, New York 5, N. Y. 


Toe 


1 
THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street, New York 5, N. Y. 
Perhaps you can help us with our corrosion problem. 
Please send me a copy of the Corrosion Data Work 








Sheet for use in reporting the details of my problem. 





EMBLEM OF SERVICE 


Binion 


teaocdet 


CORROSION ENGINEERING SERVICE 


HEADQUARTERS 
FOR INFORMATION ON CORROSION 
CCTOBER, 1950 

















Check here if you'd like to receive the “Summary of 
Corrosion Data in Magnesium Chloride Solutions,” 


! 

| Ne i a 

t i 

COMET scsi icinwinisiise ig Spc ae ee 

. j 
i 

0 ME ; 

i ' MM 10-50 : 

City... cian State... ~ 4 

1 

i 

t 

! 








159 























TR A 





TM A 





an ideal part for 


.. PRECISION 
INVESTMENT 
CASTINC .. 





lightness 

neatness 

strength 
heat treatable 
low finished cost 


This steel casting is turnished to our 
customer ready for drilling, reaming 
and light finishing at a fraction of 
the cost of fabricating by any other 
method. A clear example of how 
Precision Investment Casting can 
save you money. 


We will gladly give you our opinion 
on any problem you care to submit 
without any obligation on your part. 


Please use the coupon. 


GRAY-SYRACUSE 
eine 


107 WN. Franklin $t., Syracuse 4, WN. Y. 


Small precision castings of ferrous 
and non-ferrous alloys. 


| (> ED DS ED ED ED GE GED ED ED ED GED GED GD GD a> ay 
| GRAY-SYRACUSE, INC. | 
| 107 N. Franklin Street 
| Syracuse 4, N.Y. Dept. “A” | 
Please send me literature on Precision | 
| Investment Castings. | 
| 
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Meetings and Expositions 


SOCIETY OF THE PLASTICS INDUS- 
TRY, annual conference. Swamp- 
scott, Mass. Oct. 18-20, 1950. 

ENGINEERS’ COUNCIL FOR PROFES- 
SIONAL DEVELOPMENT, annual 
meeting. Cleveland. Oct. 20-21, 
1950. 

AMERICAN MINING CONGRESS, met- 
al and nonmetallic convention. 
Los Angeles. Oct. 22-24, 1950. 

AMERICAN GEAR MANUFACTURERS 
ASSOCIATION, semi-annual meet- 
ing. Chicago. Oct. 23-25, 1950. 

AMERICAN INSTITUTE OF MINING 
& METALLURGICAL ENGINEERS, 
Institute of Metals Div. fall meet- 
ing. Chicago. Oct. 23-25, 1950. 

AMERICAN SOCIETY OF MECHANI- 
CAL ENGINEERS, Fuels Div. con- 
ference. Cleveland. Oct. 23-25, 
1950. 

AMERICAN INSTITUTE OF STEEL 
CONSTRUCTION, annual meeting. 
Houston, Tex. Oct. 23-26, 1950. 

WIRE ASSOCIATION, annual conven- 
tion. Baltimore, Md. Oct. 23-26, 
1950. 

AMERICAN INSTITUTE OF ELECTRI- 
CAL ENGINEERS, fall meeting. 
Oklahoma City, Okla. Oct. 23-27, 
1950. 

AMERICAN SOCIETY FOR METALS, 
annual meeting. Chicago, Oct. 23- 
27, 1950. 

AMERICAN WELDING SOCIETY, an- 
nual meeting. Chicago. Oct. 23-27, 
1950. 

NATIONAL METAL CONGRESS. Chi- 
cago. Oct. 23-27, 1950. 

SOCIETY FOR NON-DESTRUCTIVE 
TESTING, annual meeting. Chi- 
cago. Oct. 23-27, 1950. 

NATIONAL TOOL & DIE MANU 
FACTURERS ASSOCIATION, annual 
meeting. Cleveland. Oct. 29-Nov. 
1, 1950. 

PORCELAIN ENAMEL INSTITUTE, an- 
nual meeting. White Sulphur 
Springs, W. Va. Nov. 1-2, 1950. 

AMERICAN SOCIETY OF BoDy ENGI- 
NEERS, annual meeting. Detroit. 
Nov. 1-3, 1950. 

PITTSBURGH CONFERENCE ON X- 
RAY AND ELECTRON DIFFRAC- 
TION. Pittsburgh, Pa. Nov. 2-3, 
1950. 

SOCIETY OF AUTOMOTIVE ENGI- 
NEERS, diesel engine meeting. 
Chicago. Nov. 2-3, 1950. 

MEEHANITE METAL INSTITUTE, an- 
nual meeting. Chicago. Nov. 8-11, 
1950. 

NATIONAL FOUNDRY ASSOCIATION, 
annual meeting. Chicago. Nov. 9- 
10, 1950. 

SOCIETY OF AUTOMOTIVE ENGI- 
NEERS, fuels and lubricants meet- 
ing. Tulsa, Okla. Nov. 9-10, 1950. 

STEEL FOUNDERS’ 
AMERICA, annual technical and 
operating conference. Cleveland. 
Nov. 9-11, 1950. 

AMERICAN PETROLEUM INSTITUTE, 
annual meeting. Los Angeles. Nov. 
13-16, 1950. 
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NEW 
PRODUCT? — 


TOUGH 
PROBLEM ? 


versatile GARBON 
may be the answer 


Carbon is one of industry’s most 
versatile materials. It’s espe- 
cially useful for fabricating parts 
because it costs little and can be 
molded, extruded or machined 

Carbon is inert and _ light- 
weight. It withstands friction .. 
carries highest electrical loads 

. resists thermal shock and 
corrosion. These combined prop- 
erties often make carbon the 
only possible answer to a parts 
problem. 

Speer has been making carbon 
and graphite products for more 
than 50 years. All this engineer- 
ing know-how is available to 
you, without obligation. Write 
today for further information 


CARBON COMPANY 
ST. MARYS, PENNA. 





MATERIALS & METHO? 
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Irons @ Steels 


orrosion Resistant Steel. Bethlehem Steel 
o., 52 pp., ill, No. 259. Properties and 
aracteristics of Mayari R low alloy, light, 
trong steel with high corrosion resistance. 
(1) 
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igh-Speed Steels. Climax Molybdenum Co. 
Reports indicate molybdenum high-speed 
reels, hardening at lower temperatures than 
ungsten tool grades, cut production costs. 


(2) 


Tool Steel Selector. Crucible Steel Co. of 
America. Selects tool steel for desired ap- 
lication. Indicates type steel, hardening 
depth and heat treating information. - (3) 


Alloy Mold and Die Plate. W. J. Holliday & 
o, 4 pp., ill, No. 905. Uses of Speed 
Alloy, deep-hardening, strong and machin- 
able alloy steel plate for molds and dies. 


4 


(4) 


Stainless-Clad Steel. Ingersoll Div. of Borg- 
Warner Corp. Folder describes IngAclad, 
0% cladding of stainless steel bonded to 
acking of carbon steel. (5) 


High-Strength, Low-Alloy Steel. Jones & 
Laughlin Steel Corp., 32 pp., ill. Complete 
lata on Otiscoloy, widely used in the trans- 
portation industry. (6) 


lad Steels. Lukens Steel Co., 68 pp., ill. 
oMpositions, properties, corrosion ratings 
and applications of nickel-clad, stainless- 
‘lad, Inconel-clad and Monel-clad steels. 


(/) 


Screw Steel. Joseph T. Ryerson & Son, Inc., 
2 pp. Describes Ledloy, lead bearing steel 
laimed to machine 30 to 50% faster than 
the fastest cutting screw steel previously 
available ($) 


low Alloy and Stainless Steels. Sharon Steel 
Corp. 4 pp., ill, No. 1a/26. Details of this 
‘ompanys stainless steels. High-tensile low 
blloy steels, Cor-Ten and N-A-X also cov- 
ered. (9) 


Non-Slip Steel Plate. Alan Wood Steel Co.. 
pp. Specifications and characteristics 
 Algtip abrasive-rolled steel floor plate 
“signed for non-skid applications. (10) 


Nonferrous Metals 


Continyou< 


-Cast Bronze. American Smelting 
fining Co., 12 pp., ill. Applications, 
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physical properties and specifications of 
continuous-cast bronze rods, tubes and 
shapes. Includes tables and charts. (11) 


Aluminum-Bronze Alloys. Ampco Metal, Inc. 
Gives physical properties of aluminum- 
bronze alloys providing high ‘“‘strength to 
weight” ratio and good resistance to wear 
and corrosion. (12) 


Thermostatic Bimetal. W. M. Chace Co., 4 
pp., ilL, No. la/10. Properties of thermo- 
static bimetals and detailed formulae used 
in their application to temperature respon- 
sive devices. (13) 


Aluminum Bronze. Dirilyte Co. of America, 
Inc., 12 pp., ill. Physical properties and 
specifications of Molin Metal, pure alumi- 
num bronze for quality castings. (14) 


Magnesium. Dow Chemical Co., 8 pp., ill. 
Magnesium Topics, Vol. 1, No. 4. Articles 
on extrusion of powdered magnesium alloys 
and sand casting magnesium. (15) 


Spring Alloy. Elgin National Watch Co., In- 
dustrial Products Div., 2 pp. Composition 
and properties of Elgiloy, cobalt-chromium- 
base spring alloy. (16) 


Nickel Alloy Corrosion Resistance. The Inter- 
national Nickel Co., Inc., 16 pp., ill, re- 
print. Corrosion resistance of nickel, Monel 
and Inconel to soap and fatty acids as com- 
pared to other metals. (17) 


Aluminum. Reynolds Metals Co., Aluminum 
Div., 10 pp., ill. Aluminum fabrication and 
finishing information; available forms, their 
alloys, tempers and sizes; and alloy prop- 
erties and applications. (18) 


Nonmetallic Materials @ Parts 


Molded Soft Rubber. Acushnet Process Co., 
32 pp., ill., No. 50. Describes facilities for 
making and. developing a wide variety of 
custom precision molded soft rubber parts. 


(19) 


Felt Parts. American Felt Co., folder, ill. 
Describes custom-made cut felt parts with 
applications, including separating, protect- 
ing, sealing, polishing and insulating. (20) 


Hard Rubber and Plastics. American Hard 
Rubber Co., 60 pp. Manual gives detailed 
selection data on hard rubber and plastics 
materials. (21) 





To obtain literature appearing on these 
pages, please refer to easy-to-use reply 
card on pace 165. 














Foundry Sand Resin Binders. Bakelite Div., 
Union Carbide & Carbon. Corp., 16 pp., 
ill., No. J-685. Shows use of Bakelite resin 
binders in Croning Process for making 
foundry molds and cores. (22) 


Plastics. Continental-Diamond Fibre Co., 
30 pp., ill. Properties, forms, applications 
and fabricating procedures of Dilecto and 
Celoron thermosetting plastics. (23) 


Plywood. Douglas Fir Plywood Assn., 32 
pp., ill. Series of articles shows how to use 
plywood effectively in fixtures, displays, 
posters and signs. (24) 


Silicone Compound. Dow Corning Corp., 4 
pp., ill. Data on D.C. Antifoam A, silicone 
compound for killing foam in aqueous solu- 
tions. Typical applications included. (25) 


Inert Resin. E. I. du Pont de Nemours & 
Co., Inc., 12 pp., ill. Description, physical 
properties and uses of “Teflon,” highly 
inert resin useful for gaskets and packings. 


(26) 


Plastics News. Durez Plastics & Chemicals, 
Inc. Monthly Durez Plastics News presents 
many ideas and applications for plastics 
users. (27) 


Flexible Tubing. Flexible Tubing Corp., 8 
pp., ill, No. 5-4. Applications and per- 
formance data on Spiratube, flexible tubing 
for ventilation and materials conveying. 
(28) 


Plastics. General Electric Co., Plastics Div., 
16 pp., ill, No. 1b/13. Characteristics, 
uses and properties of various molded and 
laminated plastics of this company. (29) 


Rubber. B. F. Goodrich Chemical Co. Prop- 
erties and applications of MHycar, high 
strength compression and heat resistant 
rubber suited to heavy duty service. (30) 


Cellulosic Plastics. Hercules Powder Co. 
Describes cellulosic plastics, their properties 
and applications, and this company’s design 
and technical facilities for developing plas- 
tic products. (31) 


Hardboards. Masonite Corp., 24 pp., ill, 
No. 1d/2. Properties and advantages of 
Preswood and other Masonite hardboards, 
and their relation to product design. (32) 


Plastic Pipes and Fittings. Elmer E. Mills 
Corp., 4 pp., ill. Properties of Mills-Plastic 
corrosion resistant pipes and fittings, made 
for wide usage in industry. (33) 


Carbon Products. Morganite, Inc., 8 pp., ill., 
No. lf. Specifications of various carbon 
bearings and bushings. Also, properties of 
six series of Morganite carbon products. 
(34) 


Alkyd Molding Compound. Plaskon Div., 


163 





























MANUFACTURERS’ LITERATURE 


Libbey-Owens-Ford Glass Co., 16 pp., ill. 
No. 7131. Properties and molding charac- 
teristics of Plaskon Alkyd fast-molding 
compound. (35) 


Hose, Molded Parts. Resistoflex Corp., 4 pp., 
ill., No. 4g/3. Properties and uses of this 
company’s resinous-lined, reinforced indus- 
trial hose and custom-molded parts. (36) 


Plastics Forms. Rogers Corp., 12 pp., ill. 
Describes two series of molded forms, 
which include molding boards, laminated 
sheets and punchings, and pre-shaped pre- 
forms. (37) 


Inorganic Plastic Moldings. Rostone Corp., 
6 pp., ill., No. 100. General characteristics 
of Rosite inorganic plastic moldings recom- 
mended for electrical insulation. (38) 


Sponge Rubber. Sponge Rubber Products 
Co., 12 pp., ill. Specifications and descrip- 
tions of Spongex products, including sheet 
sponge rubber, die cut shapes, cord and 
strips. (39) 


Molded Ceramics. Star Porcelain Co. Gives 
technical data on characteristics of molded 
ceramic products for electrical wiring, elec- 
trical heating and special purposes. (40) 


Ceramic. Stupakoff Ceramic & Mfg. Co., 
4 pp., No. 849. Properties of Stupalith, a 
new ceramic said to be unsurpassed in ther- 
mal shock resistance. (41) 


Carbon-Graphite Parts. U. S. Graphite Co., 
68 pp., ill., No. G-49. Detailed description 
of Graphitar, giving properties, chemical 
resistance, limitations, assembly informa- 
tion, design aids and 60 applications. (42) 


Plastic Laminated Tubing. U. S. Plywood 
Corp., Plastics Div., 4 pp., ill. Types, prop- 
erties and applications of Glasweld plastic 
laminated tubing. Tables of properties and 
bursting strengths. (43) 


Polyvinyl Resins. U. S. Rubber Co., Nauga- 
tuck Chemical Div., 20 pp., ill. Properties, 
ingredients, compounding and processing 
of Marvinol polyvinyl chloride resins dis- 
cussed in detail. (44) 


Felt. Western Felt Works, 32 pp., ill. His- 
tory of manufacture and uses of felt, in- 
cluding brief description of present-day 
methods and applications. (45) 


Micarta. Westinghouse Electric Corp., 36 
pp., ill. Properties, applications and ad- 
vantages of Micarta industrial plastic given 
with selection tables for molded and lami- 
nated Micarta. (46) 


Metal Parts e@ Forms 


Aluminum Die Castings. Aluminum Co. of 
America. Book contains detailed technical 
information for effective design of alumi- 
num die castings. (47) 


Aluminum Extrusions. Aluminum Co. of 
America. Design potentials of extrusion 
process and cost savings in fabrication and 
assembly of extrusions are explained. (48) 


‘Aluminum Parts. Aluminum Goods Mfg. 


Co., 56 pp., ill. Catalog covers extensive 
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production facilities and technical services 
for producing wide range of parts. (49) 


Die Pressed Forgings. American Brass Co., 
No. B-9. Details on applications and pro- 
cedure of die press forging dimensionally 
accurate parts requiring less finishing. (50) 


Certified Zinc Die Castings. American Die 
Casting Institute, Inc. Describes Certified 
Zinc Alloy Plan wherein member com- 
panies are guaranteed to produce “on 
grade” alloy die castings. (51) 


Plated Metal Parts. American Nickeloid 
Co., ill. Indicates wide variety of economies 
available to users of pre-plated metals for 
parts manufacture. (52) 


Nonferrous Plaster Mold Castings. Atlantic 
Casting & Engineering Corp., No. 4. De- 
scribes production of copper-base and alu- 
minum alloy “Atlanticastings.” (53) 


Magnesium Parts. Brooks & Perkins, Inc. 
Folder includes tabulated characteristics of 
magnesium alloys, design data and typical 
B & P products. (54) 


Steel Tubing. Bundy Tubing Co., 20 pp., 
ill. Properties, specifications and _ typical 
parts of Bundyweld double-walled, copper- 
coated steel tubing. (55) 


Stainless Tubing. Carpenter Steel Co., Alloy 
Tube Div., 4 pp., ill. Physical properties, 
corrosion resistance and available sizes of 
this company’s stainless steel tubing. (56) 


Powdered Metal Parts. Chicago Powdered 
Metal Products Co., 4 pp., ill. Materials and 
advantages of Camet custom-molded pow- 
dered metal parts. Includes design tips. 
(57) 
Stainless Fittings. The Cooper Alloy Foun- 
dry Co., 47 pp., ill. Catalog of wide assort- 
ment of stainless steel valves, fittings and 
accessories. Includes properties and analyses 
of Cooper alloys. (58) 


Magnesium Die Castings. Doehler-Jarvis 
Corp., 4 pp., ill. Physical properties, appli- 
cations and advantages of Doler-Mag mag- 
nesium die castings. (59) 


Die Cast Parts. The Electric Auto-Lite Co., 
Die Casting Div., 16 pp., ill, No. G137. 
Describes facilities for making quality die 
castings using economical, advanced meth- 
ods. (60) 


Chromium-Nickel Castings. Electro-Alloys 
Div., American Brake Shoe Co., 60 pp. 
Properties, specifications and applications of 
cast 16 chromium-35% nickel alloys. (61) 


Investment Castings. Engineered Precision 
Casting Co., 4 pp., ill. Describes Epco pre- 
cision investment castings. (62) 


Self-Lubricating Bushings. Graphite Metal- 
lizing Corp., 8 pp., ill., No. 108. Data on 
Graphalloy self-lubricating bushing in- 
cludes characteristics, uses, clearances and 
materials selection. (63) 


Precision Castings. Gray-Syracuse, Inc., 4 
pp., ill. Various parts of precision-cast brass, 
bronze, beryllium, copper and steel. (64) 


Permanent Magnets. Indiana Steel Products 


Co., 34 pp., Permanent Magnet My Ad 
No. 3. Uses, types and materials of Perms 
nent magnets. Design data included, (¢5) 


Aluminum Cable. Kaiser Aluminum 4 
Chemical Corp. Details on properties 
Kaiser Aluminum ACSR and All-Alumj. 
num Cable. Tables of available ree! si. 


given. (66) 


Aluminum Extruded Shapes. Light Mer) 
Corp., 6 pp., ill. Shows facilities for pro 
ducing to order a variety of indicated gly. 
minum fabrications and extruded shapy 

(67 
Cold-Drawn Shapes and Shells. Linde 4; 
Products Co., 2 pp. Types of ayailabj 
Prest-O-Lite cold-drawn shapes and shelj 
with materials and dimensional tangs 
given. (68 


Die Castings. Litemetal Die Cast, Inc, |) 
pp., ill. How to select best light metal fy, 
die casting. Shows facilities for producing 
light metal pressure die castings. (69 


Gray Iron Castings. Meehanite Metal Corp, 
8 pp., ill, No. 30. One of a series of bu. 
letins describing current uses of Meehanit 
castings. (70 


Tungsten Carbide Shapes. Metal Carbide 
Corp., No. 50-G. 1325 sizes of available 
standard solid tungsten carbide shapes, io. 
cluding blanks, bars, strips, rods, tubes ani 


bushings. (71 


Precision Castings. Microcast Div., Austena 
Laboratories, Inc., 16 pp., ill. Advantages 
design factors and wide applications of 
Microcast precision castings. (72 


Heat, Corrosion Resistant Castings. Nationa! 
Alloy Steel Div., Blaw-Knox Co., 22 pp, 
ill., No. 2041. Describes typical heat and 
corrosion resistant castings and the alloy 
used. (73 


Zinc Alloy Die Castings. New Jersey Zin 
Co., 28 pp., ill. Principal features, method 
of production and applications of Zamak-} 
and Zamak-5 zinc alloy die castings. (74 


Steel Tubing. Ohio Seamless Tube Co. In- 
formative booklet describes many method 
of fabricating and forging steel tubing. 
(/) 
Stainless Steel Castings. The Ohio Sted 
Foundry Co., 4 pp., ill, No. FC-350. Shows 
numerous stainless castings manufactures. 
Includes specifications of Fahrite stainless 
grades. (76 
Bushings. Randall Graphite Bearings, |0¢. 
12 pp., ill, No. 100. Complete price lis 
of bronze bushings and specially groove 
bushings; specifications of bored and solid 
bronze bars. ( 


Steel Tubing. Republic Steel Corp., No. 22 
Describes full range of sizes, gages 40 
analyses of carbon and stainless steel Elec 
trunite tubing for severe fabrication. (/° 


Aluminum Extruded Shapes. Reynolds Met 
Co., Louisville 1, Ky., 138 pp., ill. Ni 
RMC-11. Detailed aid to designing W™ 
aluminum extrusions. Available from Re 
nolds only, when requested on compat! 
letterhead. 


Stainless Steel Castings. The Staines Fous 
dry & Engineering Co., 4 pp., ill. ete 
variety of stainless castings and_ incluc 


helpful engineering data. (79) 


MATERIALS & METHODS 
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Powder Metal Test Specimens. Metal Powder 
3 pp., No. 10-50T. Tentative stand- 
ards for tension test specimens of pressed 
and sintered metal powders. 


Assn., 


(142) 


General 





Versatile Testing Machine. Tinius Olsen 
Testing Machine Co., No. 40. Data on the 


Olsen Super “L” 
to 1 spread of testing ranges. 


chemical, 


testing machine with 50 
(143) 


Temperature Controls. The Pyrometer In- 
strument Co., No. 150. Catalog shows Pyro 
Immersion Pyrometer, accurate instrument 
for nonferrous foundry temperature control. 


(144) 


Thickness Measure. Sperry Products, Inc., 4 
pp., ill., No. 3700. Describes Reflectogage, 
portable instrument for determining ma- 
terials thicknesses from one side. 


(145) 


Hardness Tester. Steel City Testing Ma- 
chines, Inc., 2 pp., ill, No. PB-2-48-2M. 
Describes model KDR Brinell Testing Ma- 
chine designed for rapid hardness testing. 


(146) 


Plastics Tests. U. S. Testing Co., Inc., 2 pp. 
Price list of physical, 
biological and permanence tests available 
for plastics film, sheeting and coated fabrics. 
(147) 
Temperature Controls. Wheelco Instruments 
Co., 4 pp., ill, Wheelco Comments, Vol. 9, 
No. 3. Use of temperature control instru- 
ments to increase capacity of wire patenting 


micro- 


Sensitized Materials. Eastman Kodak Co., 
Industrial Photographic Div. Booklet de- 
scribes sensitized emulsions useful for scien- 
tific and industrial laboratory work. (149) 


Temperature Controls. Claud S. Gordon Co., 
4 pp., ill. Data on specifications and ad- 
vantages of Xactline indicating and re- 
cording temperature controls. (150) 


Corrosion Resistance Computer. The H. M. 
Harper Co. Enables quick determination of 
proper metal alloys for use with 143 differ- 
ent corrosive agents. (151) 


Industrial Carburetor. C. M. Kemp Mfg. 
Co., 12 pp., ill, No. 1C-22. Capacity and 
dilution charts and specifications of Kemp 
Series “S’’ industrial carburetor. (152) 


Wire Straightening and Cutting Machines. 
Mettler Machine Tool, Inc., 4 pp., ill. Op- 
erating instructions for, and advantages of 
five types of Shuster wire straightening and 
cutting machines. (153) 


Vacuum Cleaner. The Spencer Turbine Co., 
20 pp., ill, No. 144. Describes numerous 
applications of Spencer Vacuum, which re- 
moves, lifts and sorts metals, lint, liquids, 
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ee CORD 
AND STRAND WIRE. USED for 
AIRPLANE CONTROLS, MAY BE AS GY 


CANSWER OW BcTTOM) 


SAL IN DIAMETER AS 
7/1000 OF AN INCH 


AND HAVE A MAXIMUM TENSILE 


STRENGTH OF 
393,500 POUNDS 


OR NEARLY 209 TONS PER | 


SQUARE INCH 







WHICH WORE SO WELL 


THAT THEY _ 
WERE PASSED ALON 


FOR SEVERAL 
GENERATIONS 









THE First 


WAS MADE IN 1815... 









SCREWING 
OLD . 


MUSKET 
BARRELS 
TOGETHER. 
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Move AIR, GASES and 
Light Solids through 
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FLEXIBLE TUBING 


eee 





SPIRATUBE.. . . the amaz- 
ing new flexible tubing 
... works efficiently both 
ways... blowing... ex- 
hausting. 








A zephyr or a gale... you 
put air where you need it 
with SPIRATUBE. And SPIR- 
ATUBE-R‘s neoprene rub- 
= ber cushion rides with the 
==) punch of abrasive solids. 
m It's the new conveying 
| tube of industry. Ideal for 
dust and fume collection 
and thousands of other 
applications. 


Every advantage you want 
. +». bends at any point... 
no exposed wire to rust or 
obstruct air passage... 
light and easy to carry... 
quick to connect... extra 
strong... safe... retracts 
for easy stowage . . . and 
it’s non-collapsible, 




















Let’s discuss your problems 
.-- no obligation. New 
Engineering Catalog avail- 
able. 











| BRANFORD, CONNECTICUT, U.S.A. 
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Can you clean steel mS 
condition it for painting 

| for less than 20 cents 

per 1,000 square feet? 





This 
FREE 
Folder 
Tells 
How To Do It 


W/iTH minimum equipment 

...in minimum time... at 
minimum cost ...the OAKITE 
CrysCoat PROCESS* cleans 
metal surfaces and prepares 
them for painting . . . prevents 
corrosion before and after the 


metal is painted. 
*Reg. U.S. Pat. Off. 
Write to Oakite 
FREE Products, Inc., 32H 
Thames St., New York 6, N. Y., 
for Folder F7642. This 8-page 
illustrated leaflet describes 19 
advantages of the OAKITE 
CrysCoat PROCESS and lists 
10 ways in which it cuts the 
cost of cleaning and preparing 
for painting. 


Invitation When you attend 
the big METAL SHOW in 
Chicago, October 23 to 27, be 
sure to see the Oakite exhibit 
in Booth 322. 





Drop in; ask about the OAKITE 
CrysCoat PROCESS; and get 
your copy of the 44-page illus- 
trated booklet “Some good things 
to know about Metal Cleaning.”’ 


yariztd INDUSTRIAL ¢y, 


gpt© “Ning 
M 16a08 mate O16 ¥ 5 Pat ovr auic® 


4p, 
*Riats . metnoos * ** 
Technical Service Representatives Located in 
a Principal Cities of United States and Canada 














BOOK REVIEWS 


Stress Analysis 


AN INTRODUCTION TO EXPERIMENTAL 
STRESS ANALYSIS. By George Hamor Lee. 
Published by John Wiley & Sons, Inc., New 
York 16, N. Y., 1950. Cloth, 61% by 9% 
in., 319 pages. Price $5.50. 





This book presents the theory, instru- 
mentation and basic techniques involved 
in the most commonly used methods of 
stress analysis. 

Believing that a student of experimental 
elasticity should first be well grounded in 
the theory of elasticity, the author devotes 
his first chapter to a review of these funda- 
mentals. He then considers the determina- 
tion of stresses from strain measurements, 
developing the equations for the rectangular 


strain rosettes and offering graphical] meth 
ods for their rapid solution. The concer, 
of structural similarity is also explained 

With this as background, the autho; de. 
votes the rest of the text to the instrumen, 
and methods employed in €xperiment,| 
stress analysis. He covers the various me. 
chanical and electrical strain gages, 4); 
devotes one chapter entirely to the resistance 
wire strain gage. Two chapters are Con. 
cerned with the photo-elastic method, Other 
parts deal with the brittle lacquer 
the membrane and electrical analogies, the 
Begg’s deformeter, and certain miscellaneoys 
methods. 

The last chapter includes a section on th 
evaluation of experimental errors and th 
cumulative errors obtained through com, 
putational operations. 


High Temperature Materials 


METALS AT HIGH TEMPERATURES, 
Frances H. Clark. Published by Reinbolj 
Publishing Corp., New York 18, N, Y, 
1950. Cloth, 6% by 91% in., 372 pager, 
Price $7.00. 

Ever since World War II engaged met. 
lurgical interest in the gas turbine, day 
on the properties of metals at elevated tem. 
peratures have been forthcoming at a rapid 
rate. These data have now been assemble 
and organized by the author, a noted woman 
metallurgist, into the first American book 
on high temperature metallurgy. 

Although written primarily to cover heat 
resistant alloys and special alloy steels, this 








Since 1887 


MILWAUKEE 
WROT WASHERS 


WROUGHT WASHER 
MANUFACTURING CO. 








2211 S$. BAY ST., MILWAUKEE 7, WIS. 





168 


WASHERS 
..- Competitively Priced 


Large volume production, the most advanced 
methods and facilities, plus more than 60 years 
of continuous experience in the manufacture of 
Washers, are factors that enable us to offer you 
top quality washers and stampings at competitive 
costs. Over 22,000 sets of dies for making 
Washers of every type (Standard and Special), 
from every type of material, for every purpose, 
in any finish, STAMPINGS of all descriptions; 
Blanking, Forming, Drawing. Submit your blue- 
prints and quantity requirements for estimates. 



















The World's Largest ‘Producer of Washers 
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“THERMALLOY® 


can help you 


_CUT HEAT-TREAT COSTS . 











Thermalloy tray and fixture 
for heat-treating pinions 


Thermalloy shaker 


Thermalloy “50” link-type 
conveyor. Driving drum 
sprocket is Thermalloy “40” 


hearth muffle 


Thermalloy “50” pot for cyanide, 


lead or salt bath operation 


Whether it’s a standard fixture, tray, retort or 
muffle...or a specially designed unit or part 
.. investigate THERMALLOY’S heat and 
abrasion-resistant properties. 
Buying heat-treat equipment is no different 
trom buying any other industrial products from 
the cost standpoint. Your interest is in “How 


| AMERICAN 


| Brake Shoe 





many cents will it add to the cost of my prod- 
uct?” With THERMALLOY you will get the 
lowest unit cost per operating hour. For our 
recommendations call your nearby Electro- 
Alloys’ engineer, or write Electro-Alloys, 
1989 Taylor Street, Elyria, Ohio. 


*Reg. U.S. Pat. Off. 


Write for 60-pg. Technical Booklet—Cast 16% Cr.—35% Ni. Alloys 
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[] Brinell Hardness 
[] Compression 
[] Transverse 


Attach coupon to your letterhead 
and mail 





A TRIED and PROVEN 
SOURCE FOR 


TESTING 
MACHINES 


BRINELL 

DUCTILITY 
COMPRESSION 
TENSILE 

UNIVERSAL 
TRANSVERSE 
HYDROSTATIC 
PROVING INSTRUMENTS 


and 


Special Testing Machines built 
to your Specifications. 


SelGt; 
TestingMachinestne 


8833 Livernois 


Without obligation send me your brochure 
on testing instruments. Also special folders on 
following types (check your interest): 





Detroit 4, Mich. 


[_] Duetility 
[] Tensile 
CJ Hydrostatic 


[} Proving Instruments 





Book Reviews 




















continued 


book includes data on other metals such as 
aluminum, lead and magnesium alloys. The 
text is introduced by a chapter on the 
phenomenological aspects of plastic flow 
which surveys the theoretical attempts to 
discover the laws covering plastic behavior, 
and includes an extensive discussion of 
elasticity and viscoelasticity. 

There is a vast amount of essential tab- 
ular data giving the properties of all the 
latest alloys which have been developed for 
service at extremely high temperatures. Full 
consideration is devoted to the phenomenon 
of creep in metals and alloys, accompanied 
by relevant data on this important prop- 
erty. In addition, there is an extensive sec- 
tion on test methods for metals at high tem- 
perature and current manufacturing meth- 
ods for heat resistant alloys. 

The book is intended for all those who 
are concerned with the engineering and 
metallurgical aspects of high temperature 
service, particularly in reference, to turbojet 
airplane engines where high temperature 
alloys play a critical role. Numerous other 
high temperature demands are being made 
upon alloys under the nation’s new defense 
program for such weapons as rockets, pro- 
jectors and high velocity gun barrels. 

All metallurgists and mechanical and ma- 
terials engineers should find this text an 
abundant source of valuable reference in- 
formation. 


Other New Books 


Symrostum on Testinc or Cast Iron witn SR-4 
Tyre or Gace. Published by the American Society 
for Testing Materials, Philadelphia 3, Pa., 1950. 
Paper, 6 by 9 in., 96 pages. Price $1.65. The 
papers and discussions included in this Symposium, 


Special Technical Publication No. 97, were pre- 
sented at the eighth and ninth sessions of the an 
nual meeting of the American Society for Testing 
Materials, held in Atlantic City, June 29, 1949. 


Symrostum on Errects or Low Temperatures 
on tHE Properties or Marterrars. Published by 
the American Society for Testing Materials, Phila- 
delphia 3, Pa., 1950. Paper, 6 by 9 in., 68 pages. 
Price ($1.50. This Symposium was originally pre- 
sented at a meeting of the Philadelphia District of 
the American Society for Testing Materials in March 
1946. and reviewed by the authors in October 1949. 
Identified as Special Technical Publication No. 78, 
this booklet covers specifically the fields of both 
ferrous and nonferrous metals, plastics and rubbers. 


A.S.T.M. Srecirications ror Sree. Piptnc Marte- 
rtats. Prepared by the A.S.T.M. Committee A-1 
on Steel. Published by the American Society for 
Testing Materials, Philadelphia 3, Pa., 1950. Paper, 
6 by 9 in., 328 pages. Price $3.00. This latest 
compilation of A.S.T.M. Standards on steel piping 
materials, as of December 1949, includes some 50 
widely used specifications. 


A.S.T.M. Stanparps on Apnesives. Sponsored by 
the A.S.T.M. Committee D-14 on Adhesives. Pub- 
lished by the American Society for Testing Mate- 
rials, Philadelphia 3, Pa., 1950. Paper, 6 by 9 in., 
60 pages. Price $1.25. The second compilation of 
A.S.T.M. Standards on adhesives, issued January 


1950, contains in convenient form all 15 A.S.T.M. 
standards relating to this field. 

Metatzturcicat APPLICATIONS OF THE ELECTRON 
Microscope. Published by the Institute of Metals, 
London, England, 1950. Cloth, 5% by 83% in., 164 
pages. Price $3.50. Discussions of 13 papers on the 
use of the electron microscope in metallurgy, pre 
sented at a symposium held at the Royal Institute 
in London on Nov. 16, 1949, are included in this 
Monograph and Report Series No. 8 
















TEFLON! 


The Plastic that’s — 
® Chemically Inert 
® Mechanically Tough 
® Heat-Resistant 
® Extremely Anti-hesive 













































Non-corroding, non-contaminating Tefloy 
was first spotted by USG as a revolutionary 
gasketing and packing 
material; we have always 
been foremost produce 
of Teflon gaskets aad 
4 cl packings—solid, jacketed 
impregnated, molded, machined, or com. 
bined with metals and other materials. 


Next came utilization of Teflon’s natura! 
slipperiness—for~ bakery rolls, ink rollers, 
many other applications. 
USG Teflon rollers cut 
costs because they resist 
sticking, withstand heat, 
can’t be wetred, are 
chemical-proof and easily cleaned. 





Throughout industry, materials men are 
finding Teflon’s unique combination 
of properties the answer 
to tough problems. Teflon 
expansion joints for cor. 
rosion-proof piping sys. 
tems, Teflon diaphragms 
pump cups, stopcocks, nozzles, Teflon insu- 
lacors for high-frequency electrical equip. 
ment are just a few successful applications 


of Teflon fabricated by USG. 





Teflon Stock and Fabricated Parts 





Sheets a> 4 
Cylinders © F 

Rods 

Tubing 

Bars 


Any quantity, immediate delivery, from 
the country’s most complete selection of 
Teflon stock. From our Teflon stock you 
can easily form parts needed, or if standard 
stock shapes and sizes are unsuitable, we'l 
mold special shapes or produce variations 
of stock sizes. We also supply finished molded 


or machined parts exactly to your specification. 


Teflon Products Division 


UNITED 
STATES 
GASKET 


COMPANY 


656 WN. 10th St. 
Camden, New Jersey 


MATERIALS & METHOD 


